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INTERIM REPORT 

INVESTIGATION OF MATERIALS FOR TEE LOW FREQUENCY 

TELESCOPE EXPERIMENT 

SUMMARY 

P r o p e r t i e s  and o the r  important  c h a r a c t e r i s t i c s  of 
cand ida te  m a t e r i a l s  f o r  the  LOFT have been e x t r a c t e d  from 
t h e  l i t e r a t u r e  and a r e  presented i n  i n d i v i d u a l  d a t a  s h e e t s .  
‘This 1-i ga t ion  w i l l  continue with f u r t h e r  compilat ion 
of t h i s  information and the  development of c r i t e r i a  f o r  
s e l e c t i n g  from among t h e s e  m a t e r i a l s ,  as t h e  des ign  of t h e  
Low Frequency Telescope progresses .  
t h e  r e f l e c t o r  n e t ,  t ens ioning  t apes  and l a t t i c e  compression 
column a r e  considered. 
p e r t i e s  and c h a r a c t e r i s t i c s  on t h e  aes ign  i s  a i scussed .  

I n  t h i s  r e p o r t  only 

The in f luence  of t h e  material  pro- 

INTRODUCTION 

The s e l e c t i o n  of appropr ia te  cons t ruc t ion  m a t e r i a l s  
i s  of v i t a l  concern i n  t h e  design and manufacture of t h e  ~~~ 

Low Frequency Telescope (LOFT) s t r u c t u r e  which m u s t  f unc t ion  
r e l i a b l y  and e f f i c i e n t l y  i n  i t s  space environment. 
w i th  i t s  unique requirements f o r  l a r g e  a r e a  deployment, an- 
tenna  performance, and extended s e r v i c e  l i f e ,  p r e s e n t s  a 
number of s p e c i a l  ma te r i a l s - se l ec t ion  problems i n  a d d i t i o n  
t o  many which a r e  common t o  o t h e r  s t r u c t u r e s  designed f o r  
space m i s s i o n s .  O f  s p e c i a l  importance a re :  

The LOFT, 

(1) The need for  d a t a  which w i l l  d e f i n e  dimensional 
changes r e s u l t i n g  from long t e r m  exposure t o  
t h e  space environment of near-ear th  o r b i t s ;  

( 2 )  The need for  d a t a  on t h e  e f f e c t s  of c r e a s e s  
on those  ma te r i a l s  proposed f o r  use a s  
tens ioning  and r e f l e c t i n g  t a p e s ;  



( 3 )  The need f o r  s u i t a b l e  tubing and t a p e  mater- 
i a l s ‘  of d i r e n s i o n a l  forms s u i t a b l e  f o r  
minimizing micrometeoroid f r a c t u r e  rates 
throughout t he  f i v e  year  mission. 

Much of t h e  information requi red  i s  n o t  a v a i l a b l e  from t h e  
l i t e r a t u r e  and it is a n t i c i p a t e d  t h a t  s p e c i a l  t es t  and 
a n a l y s i s  programs w i l l  be e s t a b l i s h e d  as p a r t  of t h e  LOFT 
program. 

As p a r t  of t h e  LOFT Experiment program, a sea rch  of 
t h e  l i t e r a t u r e  w a s  begun f o r  candidate  m a t e r i a l s  of reason- 
able a v a i l a b i l i t y  which could j u s t i f i a b l y  be  considered f o r  
use  as antenna components. The components f o r  which t h e  
sc reen ing  of materials was begun are: 

(1) The r e f l e c t i n g  n e t  and r i m  m a s s  
( 2 )  The m a s t  longerons and cross-members 
( 3 )  The t e n s i o n  t a p e s  
( 4 )  The mast diagonals  

E l e c t r o n i c  com2onents and accessory hardware n o t  p r e s e n t l y  
de f ined  i n  t h e  des ign  were excluded. 

P e r t i n e n t  d a t a  on mechanical and p h y s i c a l  p r o p e r t i e s ,  
environmental  and f a b r i c a t i o n  c h a r a c t e r i s t i c s  w e r e  e x t r a c t e d  
from t h e  l i t e r a t u r e  f o r  t hose  m a t e r i a l s  which were judged t o  
be s u i t a b l e  candida tes  f o r  use  as antenna components. This  
in format ion  was compiled i n  t h e  form of i n d i v i d u a l  d a t a  s h e e t s  
f o r  each material/componept system ccnsidewed and a?pears a s  
Appendix A of t h i s  r epor t .  The intportance of each of t h e s e  
types  of p e r t i n e n t  d a t a  i s  d iscussed  i n  t h e  body of t h i s  re- 
p o r t .  

The f i n a l  s e l e c t i o n  of ma te r i a l s  from among t h e s e  
cand ida te s  w i l l  depend upon s e l e c t i o n  c r i t e r i a  t h a t  are under 
development. These c r i t e r i a  wil.1 include t h e  e f f e c t s  of t h e  
mater ia l s  s e l e c t e d  on t h e  o v e r a l l  s t r u c t u r a l  e f f i c i e n c y ,  re l i -  
a b i l i t y  and cos t - e f f ec t iveness  cjuotient of t h e  program. The 
p r e s e n t  d a t a  w i l l  be p a r a m t e r s  i n  t h e  formulat ion of t hose  
c r i t e r i a  a s  d iscussed  l a t e r .  

Ear ly  i n  t h e  program it became evident  t h a t  t h e  volume 
of information r equ i r ed  f o r  s e l e c t i o n  of t h e  m o s t  e f f i c i e n t  
m a t e r i a l s  was so g r e a t  t h a t  t h e  p re sen t  e f f o r t  could be con- 
s i d e r e d  o n l y  a s  an i n i t i a l  s t e p .  Many new aerospace mater- 
i a l s  w i l l  undoubtedly be i d e a l l y  adapted t o  use i n  t h e  antenna 
a s  manufacturing technolog:/ and ecgiceer ing  p r o p e r t i e s  i n f o r -  
mation a r e  acquired.  Other ma te r i a l s  a r e  probably we11 de- 
f i n e d  b u t  coz t inc ing  e f f o r t  i s  requi red  t o  e x s l o r e  “Le mxl t i tude  
of i n fo r rmt ion  sotlrces available. 

-2 - 



DESCRIPTION OF MATERIAL DATA SHEETS 

I n  reviewing t h e  l i t e r a t u r e ,  p e r t i n e n t  information 
f o r  t h e  contending cahdidates was e x t r a c t e d  and assembled 
i n  i n d i v i d u a l  d a t a  sheets. These a r e  presented i n  Appen- 
d i x  A of t h i s  r epor t .  Data s h e e t s  a r e  not  y e t  prepared f o r  
some candida te  ma te r i a l s .  Data on o t h e r  m a t e r i a l s  i s  n o t  
presented  because they w e r e  considered n o t  t o  be contenders.  
However, t h e  reasons f o r  some of tnese d i s q u a l i f i c a t i o n s  
are d iscussed  i n  t h e  following sec t ions .  The e n t i r e  group 
of candida tes  o r i g i n a l l y  considered i n  t h e  m a t e r i a l s  selec- 

p l a n - i s  l i s t e d  below. 

Aluminum and aluminum coat ings  

Mylar* (and metal  composites) 

Kapton* (and metal  composites) 

Kapton" (and boron composites) 

S t a i n l e s s  s tee l  

S t e e l  (and aluminum composites) 

S i l v e r  (coa t ings)  

Beryll ium 

Invar  

Temperature c o n t r o l  coa t ings  

AR 0 (on aluminum s u b s t r a t e s )  

Boron 

S i l i c o n  carbide (and o t h e r  ceramics) 

Titanium 

Magnesium 

F ibe r  re inforced  ( m e t a l l i c ,  Si0 ) aluminum 

Fibrous g l a s s  (aluminum coated)  

2 3  

2 

* Dilpont Regis tered Tradernark 

. .  

-3- 
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Fibrous quar tz  (aluminum coated)  

PBI r e s i n s  and coa t ings  

Polyamides X-101 and ERD-14 

E l a s t i c  rriemory m a t e r i a l s ,  polymeric ( p o l y s u l f i d e )  

E la s t i c  memory m a t e r i a l s ,  m e t a l l i c  ( n i t i n o l )  

It i s  recognized t h a t  t h e r e  is a l a r g e  a d d i t i o n a l  
volume of p e r t i n e n t  information s u i t a b l e  for i n c l u s i o n  i n  
t h e  a a t a  s h e e t s .  Appendix A w i l l  be t h e r e f o r e  ex;?anded as 
t h a t  a d d i t i o n a l  information i s  acquired. 

PROPERTIES AND CHARACTERISTICS AFFECTING 
MATE RIALS SELECT I ON 

I n  e s t a b l i s h i n g  c r i t e r i a  f o r  t h e  s e l e c t i o n  of m a t e r -  
i a l s  t o  be used i n  the low frequency r a d i o t e l e s c o s e ,  a p r i -  
mary cons ide ra t ion  i s  t h e  a v a i l a b i l i t y  of accu ra t e  and de- 
t a i l e d  knowledge of engineer ing p r o p e r t i e s  upon which suc- 
c e s s f u l  component des igns  may be used. Equally important  
are those  c h a r a c t e r i s t i c s  which enable  a m a t e r i a l  to r e t a i n  

- i t s  u s e f u l  p r o p e r t i e s  during t h e  r igorous  ecvironments of 
f a b r i c a t i o n ,  pre-launch checkout, launch, deployment, and 
s e r v i c e  i n  o r u i t .  A f i n a l  cons idera t ion  i n  such c r i t e r i a  
i s  t h a t  technology e x i s t s  f o r  candidate  m a t e r i a l  which i s  
s u f f i c i e n t l y  advanced t o  allow volume procurement of uni-  
formly high q u a l i t y  ma te r i a l  so  t h a t  it nay be f a b r i c a t e d  
i n t o  re l iab le  s t r u c t u r e s .  

(1) S p e c i a l  C h a r a c t e r i s t i c s  i n  Ham Vacuum: The 
r a a i o t e l e s c o p e  w i l l  operate  a t  an o r b i t a l  a l t i t u d e  i n  t h e  
range from 20G0 km t o  synchronous a l t i t u d e .  Environmental 
gas  p re s su res  w i l l  t h e r e f o r e  range from 760 rrm H g  a t  t h e  
e a r t n ' s  s u r f a c e  t o  10-12 mm ilg ana lower a t  a l t i t u d e s  c f  
2 0 0 0  k m  ana beyond (Referencss 11 ana 2 3 ) .  One of t h e  e f -  
fects on t h e  rau io te leszope  performance w i l l  be loss of mass 
wnich i s  a c c e i e r a t e d  a s  temperatures inc rease .  The n e t  re- 
s u l t  can be a s e r i o u s  cnanye i n  engineer ing  p r o p e r t i e s .  
(Reference 2 0 )  

Metals and o t h e r  inorganic  m a t e r i a l s  lose m a s s  through 
t n e  process  of subl imat ion.  The m o r e  v o l a t i l e  a l l o y i n g  con- 
s t i t u e n t s  of meta ls  a r e  l o s t  f i r s t ,  al though t h e i r  l o s s  r a t e s  
are much lower than  t h e  r a t e s  f o r  t n e  pure metais.  S e l -  
e c t i v e  losses of i nd iv idua l  g r a i n s  anci g r a i n  boundaries pro- 

-4 -  
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duce s u r f a c e  roughness which, f o r  t h i n  f i l m s  and coa t ings  
may a l t e r  o p t i c a l  g r o p e r t i e s  needed f o r  thermal  c o n t r o l  
during t h e  f i v e  year  s e rv i ce  l i f e  (Reference 20). 

Organic m a t e r i a l s  of i n t e r e s t  as r ad io t e l e scope  
s t r u c t u r a l  cornponents-are long chain polymeric compounds. 
However, t h e s e  degrade w i t h  increas ing  temperature t o  form 
vo la t i l e  breakdown products.  Since t h i s  process  i s  essen- 
t i a l l y  one of decomposition, r a t h e r  than subl imat ion ,  it 
occurs  n o t  only a t  sur faces  b u t  throughout t h e  e n t i r e  volume 
of t h e  component, Diffusion t o  t h e  surfaces and subsequent 
v o l a t i l i z i n g  w i l l  proceed more r ap id ly  i n  thin t a p e s  and 
tub ings  than  i n  t h e  t h i c k e r  s e c t i o n s  usua l ly  employed f o r  
space s t r u c t u r e s  wi th  consequent changes i n  mass and dimen- 
s i o n s .  Considerat ion should be given t o  t h e  use of b a r r i e r  
coa t ings  t o  reduce t h e  loss of breakdown products  (Refer- 
ences  1 9  and 2 0 ) .  

Another e f f e c t  of t h e  hard vacuum i s  t h e  removal of 
Unless s p e c i a l  pre- absorbed gases from mate r i a l  su r f aces .  

cau t ionary  techniques a r e  developed, proper deployment of 
tne r e f l e c t o r  network may be a r r e s t e d  by t h e  r e s u l t i n g  in -  
c reased  f r i c t i o n  between contac t ing  tapes .  This e f f e c t  may 
be  s u f f i c i e n t l y  g r e a t  t o  cause t a p e s  t o  co ld  weld toge the r .  
Again, t h e  developnent of s u i t a b l e  coa t ings  may provide a 
s o l u t i o n .  Removal of absorbed gas l a y e r s  may a l s o  a f f e c t  
tne propagation of c racks  o r i g i n a t i n g  f r o m  micrometeoroid 
damage. 
t h e  i n h i b i t i o n  of crack formation i n  hard vacuum and t h e  
mechanics involved must be thoroughly understood f o r  each 
m a t e r i a l  considered (Reference 23). 

Conf l i c t ing  r e s u l t s  have been r epor t ed  concerning 

( 2 )  Fac tors  Affect ing Nicrometeoroid Damage: The 
f l u x  of micrometeori t ic  p a r t i c l e s  near t h e  e a r t h  i s  sub- 
s t a n t i a l l y  g r e a t e r  t h a r i  a t  a l t i t u d e s  of s e v e r a l  e a r t h  r a d i i  
(Rsference 1) and i s  a f a c t o r  i n  t h e  a l t i t u d e  range which 
i s  considered f o r  rad io te lescope  operat ion.  For a mission 
of f i v e  yea r s  du ra t ion ,  t he  p r o b a b i l i t y  of s i g n i f i c a n t  dam- 
age due t o  e ros ion  of thermal c o n t r o l  s u r f a c e s  and f r a c t u r e  
of t h i n  s t r u c t u r a l  elements i s  high. 

V e l o c i t i e s  of micrometeoroids a r e  extremely high 
and t h e  k i n e t i c  ene rg ie s  involved a r e  cons iderable  d e s p i t e  
t h e  f a c t  t h a t  p a r t i c l e  masses a re  small .  Since space armor 
o r  o t h e r  p r o t e c t i o n  is  not  f e a s i b l e  for l a r g e  s t r u c t u r e s ,  
t h e  e f f e c t s  of c o l l i s i o n  must be minimized by designing 
components i n  appropr i a t e  f o r m s .  Studies  have shown t h a t  
f l a t  t apes  and hollow t ubes  a r e  f a r  less vulnerable  t o  
meteoroid damage than s o l i d ' c i r c u l - a r  c ros s  s e c t i o n s .  A c -  
cord ingly ,  some of t h e  mater ia l s  for s t r u c t u r a l  e l e m e n t s  
m u s t  be a v a i l a b l e  a s  t a p e  o r  tubinq, depending on t h e  na ture  
of the loads to be appl ied  (Reference 18). 

- 5- 
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( 3 )  High Energy Radiat ion Ef fec t s :  High energy 
r a d i a t i o n  damage i n  space occurs p r i x a r i l y  through two mech- 
anisms. Ion iza t ion ,  t h e  removal of e l e c t r o n s  from t h e  atoms 
of a m a t e r i a l ,  i s  t h e  p r i n c i p a l  cause of damage t o  p l a s t i c s  
and o t h e r  organic  compounds. Depending upon chemical s t r u c -  
t u r e ,  t h e  r e a c t i o n  may be cross - l ink ing  with a t t e n d a n t  loss 
i n  f l e x i b i l i t y ,  o r  cleavage i n  which long polymer chains  a r e  
broken i n t o  fragments w i t h  subsequent degradat ion i n  phys ica l  
and mechanical p r o p e r t i e s .  Organic f i lms  considered f o r  u s e  
as network t a p e s  m u s t  maintain s u i t a b l e  dimensional form 
throughout t h e i r  f i v e  year service l i f e ,  

The second mechanism damages metals  through d isp lace-  
ment of atoms f r o m  t h e i r  pos i t i ons  i n  t h e  c r y s t a l  l a t t i c e  by 
c o l l i s i o n  wi th  impinging p a r t i c l e s .  In tense  i r r a d i a t i o n  w i l l  
degrade mechanical,  thermal,  and e l e c t r i c a l  p r o p e r t i e s  some- 
what b u t  t h e  t o t a l  e f f e c t  i s  too  s m a l l  t o  be of s e r i o u s  con- 
sequence i f  components are proper ly  designed (References 11 
and 23). 

(4) Coating and Surface Effec ts :  Atmospheric ten- 
p e r a t u r e  a t  o r b i t  a l t i t u d e  i s  of small  consequence s i n c e  t h e  
reduced gas dens i ty  permits very l i t t l e  ene rgy  t r a n s f e r .  The 
antenna components w i l l ,  however, be heated by r a d i a t i o n  
from t h e  sun and e a r t h .  Mater ia l  t e m p e r a t u r e s  m a y  be con- 
t r o l l e d  by a d j u s t i n g  t h e i r  absorptance t o  emi t tance  r a t i o s .  
Depending on t h e  component, t h i s  may be accomplished by t h e  
a p p l i c a t i o n  of a s u i t a b l e  coa t ing  o r ,  i n  some c a s e s ,  by 
changes i n  t e x t u r e  of component su r faces .  Ma te r i a l s  may be 
r equ i r ed  t o  withstand sone thermal s t r e s s e s  and t e n p e r a t u r e  
v a r i a t i o n s  s ince they w i l l ,  a t  t i m e ,  be shaded from s o l a r  
r a d i a t i o n  by o t h e r  s t r u c t u r a l  e l e m e n t s  and t h e  e a r t h .  D i m -  
e n s i o n a l  changes r e s u l t i n g  from thermal expension and con- 
t r a c t i o n  an6 stresses must no t  be so  g r e a t  under these con- 
d i t i o n s ,  a s  t o  a f f e c t  s t r u c t u r a l  i n t e g r i t y  o r  r e f l e c t o r  
performance (References 1 and 2 3 ) .  

( 5 )  Corrosion Resistance : With reasonable p r o t e c t i o n  
p r i o r  t o  launch, i t  i s  unl ike ly  t h a t  any m a t e r i a l  w i l l  be 
s t r u c t u r a l l y  a f f e c t e d  by corrosion from a tnospher ic  o r  o t h e r  
sources .  However, even minor su r face  d e f e c t s  caused by hand- 
l i n g  o r  atmospheric moisture can se r ious ly  a f f e c t  t h e  absor- 
ptance/emit tance r a t i o s  se l ec t ed  f o r  temperature c o n t r o l .  
Consequently,  su r f ace  c h a r a c t e r i s t i c s  must  be preservable  
dur ing  f a b r i c a t i o n  and s to rage  (Reference 11). 
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(6) Moisture Absorption: Reciuced p res su res  i n  t h e  
space environment w i l l  quickly v o l a t i l i z e  absorbed moisture .  
Thus, hygroscopic polymers which depend on absorbed moisture  
f o r  t h e i r  u l t i m a t e  p rope r t i e s  m u s t  r e t a i n  an adequate l e v e l  
of performance when dehydrated (Reference 11) - 

( 7 )  S t a t i c  Strength: Strength requirements f o r  
components are f a i r l y  l o w .  Therefore,  it should no t  be a 
s t r o n g  f a c t o r  i n  the - se l ec t ion  of ma te r i a l s  f o r  some of t h e  
m e m b e r s ,  
ona l  members and 1 0  p s i  f o r  i t s  longerons may be t y p i c a l ,  
Stresses imposed during launch a r e  not expected t o  exceed 
t h e s e  l e v e l s  appreciably.  During deployment stress l e v e l s  
of as high as 1 0 0 0  p s i  may be employed t o  s t r a i g h t e n  o u t  
c r eases  i n  t h e  t apes .  Tear s t r e n g t h  i s  a cons ide ra t ion  f o r  
t a p e s  used i n  t ens ion  a s  i s  notched t e n s i l e  s t r e n g t h  f o r  
elements of t h e  mast s t r u c t u r e  s i n c e  high performance i n  
t h e s e  r e s p e c t s  will m i n i m i z e  damage sustained from meteoroid 
c o l l i s i o n .  I n  summary, high s t r e n g t h  m a t e r i a l s  a r e  n o t  es- 
s e n t i a l .  

I n  o r b i t  s e r v i c e ,  va lues  of 100  psi f o r  masts,diag- 

( 8 )  Fa t i sue  Strength: Three sources  of m a t e r i a l  
f a t i g u e  must be considered. F i r s t  i s  the ascent  environment 
wnicn w i l l  impose shock and v i b r a t i o n  stresses r e s u l t i n g  
froin engine i g n i t i o n ,  engine a c o u s t i c  p re s su res ,  and s t a g e  
s e p a r a t i o n  snccks.  These stresses are  expected t o  be m i n i -  
m a l  s i n c e  they  K i l l  be applied wnile  t h e  antenna i s  confined 
i n  i t s  launch package. Th2 second source o r i g i n a t e s  during 
aeployment when s t r e s s e s  will vary but w i l l  be c o n t r o l l e d  
t o  comparatively l o w  magnitudes and  f requencies .  The t h i r d  
source occurs  during t h e  ope ra t iona l  phase when eccentric 
i n e r t i a  loads  and tenpera ture  changes a s soc ia t ed  with antenna 
s p i n  w i i l  cause l o w  stress l e v e l  o s c i l l a t i o n s  a t  low f r e -  
quencies .  To be acceptable ,  ma te r i a l s  (and components) must 
have an endurance l i m i t  s t r eng th  above t h e  stress l e v e l s  pre-  
d i c t e d  f o r  t h e  ope ra t iona l  phase.  They must  a l s o  be ab le  t o  
wi ths tand  appl ied  stresses of t h e  f i r s t  and second phases 
without  s e r i o u s  loss of endurance l i m i t  s t r e n g t h .  O s c i l -  
l a t i n g  tnermal s t r a i n s  and, p o s s i b l y ,  thermal stresses mus t  
n o t  r e s u l t  i n  s epa ra t ion  of temperature c o n t r o l  coa t ings .  

( 9 )  Notch S t r e n g t h :  Many n a t e r i a l s  may e x h i b i t  
high s t r e n g t h  when unnotched, but. because of t h e  long-term 
exposure of LOFT t o  meteoroi6s, i t s  s t r u c t u r a l  elements 
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( p a r t i c u l a r l y  t ens ion  t apes )  should r e t a i n  t h e i r  s t r e n g t h  
when h i t  by t h e  smal le r  (more probable) meteoroids.  The 
a b i l i t y  of a m a t e r i a l  t o  do so  i s  ind ica t ed  by i t s  notch 
s t r e n g t h  o r  "notch toughness". 

(10)  E l a s t i c  Modulus: The e las t ic  modulus i s  a p r i -  
mary f a c t o r  a f f e c t i n g  buckling s t r e n g t h  of t h e  m a s t ,  t h e  
dynamic response of t h e  o v e r a l l  s t r u c t u r e  t o  o s c i l l a t i n g  
f o r c e s ,  i t s  q u a s i - s t a t i c  response t o  c e n t r i f u g a l  f o r c e s ,  
and t h e  magnitude of thermal stresses. Thus, t h e  mater i -  
a l s '  e las t ic  moduli, i n  combination with i t s  d e n s i t y ,  w i l l  
g r e a t l y  in f luence  t h e  weight of t he  LOFT. 

(11) Proportional-Limit Strength: The s t r e n g t h  of 
the mas t ' s  longeron ma te r i a l  a t  i t s  propor t iona l  l i m i t  stress, 
along w i t h  t h e  e l a s t i c  modulus w i l l  l i m i t  t h e  packaging r a d i u s  
i n t o  which t h e  longerons can be co i l ed .  This  propor t iona l -  
l i m i t  s t r e n g t h  can the re fo re  s i g n i f i c a n t l y  a f f e c t  t h e  m a t e r i a l  
s e l e c t e d  f o r  the longerons.  

( 1 2 )  Tnermal Proper t ies :  The materials thermal con- 
d u c t i v i t y ,  s p e c i f i c  hea t  and c o e f f i c i e n t  of thermal expansion 
w i l l  v i t a l l y  a f f e c t  t h e  thermal d i s t o r t i o n s  and thermal stres- 
ses of t h e  antenna. These p r o p e r t i e s  accordingly a f f e c t  n a s t  
e c c e n t r i c i t i e s  and v i b r a t i o n s  r e s u l t i n g  from thermal induced 
e c c e n t r i c i t i e s  of masses throughout t h e  antenna. General ly ,  
t h e  m a t e r i a l s  s e l e c t e d  should minimize thermal d i s t o r t i o n s  
and stresses. 

(13) S t r u c t u r a l  Damping: The an tenna ' s  response t o  
o s c i l l a t i n g  f o r c e s  w i l l  depenci very s i g n i f i c a n t l y  on t h e  amount 
of s t r u c t u r a l  damping t n a t  i s  p resen t .  Without it s t r u c t u r a l  
ressonses  t o  t h e  continuous spinning with sone unavoidable 
e c c e n t r i c i t y  of masses, would become unbounded. F r i c t i o n a l  
d i s p o s i t i o n  of energy t h a t  Cevelops between t h e  n e t  e l e n e n t s  
w i l l  provide some of the  required danping. How2verI i n t e r n a l  
( h y s t e r e t i c )  dainping provided by t h e  m t e r i a l  i t s e l f  i s  des i r ed .  
Therefore ,  t h i s  capac i ty  could i n f l u e n c e  t h e  s e l e c t i o n  of some 
of t h e  antenna ma te r i a l s .  

( 1 4 )  E l e c t r i c a l  Conduc t iv i a :  E l e c t r i c a l  conduct iv i ty  ___---~--_--. 
i s  a primary des.ign cons idera t ion  f o r  t h e  r e f l e c t o r  network. 
S i m i l a r l y ,  d ie lec t r ic  constant  i s  a bas i c  proper ty  i n  t h e  
s e l e c t i o n  of i n s L l a t i n g  ma te r i a l s .  Both a r e  d i r e c t l y  r e l a t e d  
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t o  d e n s i t y  for  r ad io t e l e scope  a p p l i c a t i o n  since the bulk  of 
t h e  s t r u c t u r e  w i l l  c o n s i s t  of components which must perform 
one or  t h e  o t h e r  of t h e s e  func t ions .  It i s  important  t h a t  
these p r o p e r t i e s  are adequately defined under a l l  environ- 
mental  cond i t ions  which they w i l l  encounter. 

(15) Res is tance  t o  Creasing: Creasing of t h i n  t a p e s  
used  i n  t h e  antenna network may occur  both i n  c o n s t r u c t i o n  
and launch package s to rage .  Tape materials, t o g e t h e r  wi th  
thermal c o n t r o l  o r  o t h e r  coa t ings ,  m u s t  e i t h e r  resist creas- 
ing  or must  s u f f e r  no s i g n i f i c a n t  loss i n  performance pro- 
p e r t i e s  as a r e s u l t  of such t reatment .  For i n s t a n c e ,  t h e  
presence  of such creases i n  t a p e s  w i l l  r e s u l t  i n  an e f f e c t i v e  
r educ t ion  i n  t h e i r  e l a s t i c  moduli because t h e  l o w  stresses 
a p p l i e d  w i l l  n o t  completely s t r a i g h t e n  them. 

(16j Density: The d e n s i t y  of each m a t e r i a l  must be 
cons idered  i n  r e l a t i o n  t o  o t h e r  s t r u c t u r a l  and p h y s i c a l  pro- 
p e r t i e s  t o  determine i t s  inf luence  on s t r u c t u r a l  weight,  ele- 
c t r ica l  performance, and long-term dimensional s t a b i l i t y .  

(17) Variance of P rope r t i e s :  Ma te r i a l s  s e l e c t e d  
n u s t  be re l iab le  i n  t h e  s e n s e  t h a t  t h e i r  p r o p e r t i e s  may be 
a c c u r a t e l y  p r e d i c t e d  wi th in  l i m i t s  which a r e  bo th  known and 
accep tab le .  N o t  on ly  i s  uniform q u a l i t y  necessary ,  t h e  tech-  
n iques  of s t o r a g e ,  f a b r i c a t i o n  , and packaging must be def ined  
and c o n t r o l l e d  t o  i n s u r e  p re se rva t ion  of t h e  r e q u i r e d  perform- 
ance c h a r a c t e r i s t i c s .  

It i s  g e n e r a l l y  d e s i r a b l e  t h a t  engineer ing  materials 
have low s t a t i s t i c a l  var iance  i n  t h e i r  e s s e n t i a l  s t r u c t u r a l  
and phys ica l  p r o p e r t i e s .  This variance i s  a primary f a c t o r  
i n f l u e n c i n g  the r e l i a b i l i t y  of s t r u c t u r a l  an2 f u n c t i o n a l  per-  
formance. Without t h e s e  low var iances ,  convent ional  f a c t o r s  
of s a f e t y  used i n  designing with w e l l  developed m a t e r i a l s ,  
must be rep laced  wi th  higher  ones t o  achieve equal  r e l i a b i l i t y .  
Thus, weight p e n a l t i e s  a r e  incu r red  which could reduce t h e  out -  
put of data from t h e  experiment. Therefore,  t h i s  f a c t o r  must 
be c a r e f u l l y  considered when screening  r e l a t i v e l y  undeveloped 
materials.  

(18)  A v a i l a b i l i t y :  Mater ia l s  s e l e c t e d  must be a v a i l -  
a b l e  i n  q u a n t i t i e s  s u f f i c i e n t  t o  produce t h e  r equ i r ed  com- 
ponents .  Consequently, a volume manufacturing technology must 
e i t h e r  e x i s t  o r  must be  capable of being developed r a p i d l y  
enough t o  permit  thorough eva lua t ion  of m a t e r i a l  perform.ance . 
Experimental  m a t e r i a l s  which cannot be produced i n  volume, o r  
wnich are incompletely cha rac t e r i zed  with r e s p e c t  t o  q u a l i t y  
and performance are n e c e s s a r i l y  excluded from cons ide ra t ion .  
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(19) C o s t :  Mater ia l  expenses must be considered - 
i n  t e r m s  of c o s t  consequence t o  t h e  entire system. Antenna 
performance i s  of primary inportance and must n o t  be unduly 
compromised by c o s t  cons idera t ions .  
r e l a t i v e l y  expensive mater ia l s  w i l l  be s e l e c t e d ,  such a s  com- 
p o s i t e  t a p e s  and tub ings  i f  they e f f e c t  savings i n  weight and 
improvements i n  r e l i a b i l i t y  t h a t  w i l l  m o r e  t h a n  o f f s e t  t h e i r  
h igh  purchase p r i c e s .  

I t  i s  p o s s i b l e  t h a t  

(20) E x i s t i n g  P r o p e r t i e s  Data: I n  o rde r  t o  produce 
a proper ly  designed antenna wnich w i l l  f unc t ion  a s  in tended ,  
it i s  e s s e n t i a l  t h a t  the p e r t i n e n t  engineering p r o p e r t i e s  of 
each ma te r i a l  are known. 
m a t e r i a l s ,  no mat te r  how a t t r a c t i v e  they appear,  cannot be 
considered as  candidates .  

Incompletely def ined experimental  

(21 )  E x i s t i n g  Technology For Fabricat ion:  Since 
acceptab le  m a t e r i a l s  m u s t  be  f ab r i ca t ed  t o  proauce t h e  re- 
qu i r ed  s t r u c t u r e ,  it i s  necessary t h a t  an adequate manufact- 
u r i n g  technology e x i s t s ,  or can reasonably be developed w i t h -  
i n  the t i m e  l i m i t s  imposed by the  program schedule.  Of par- 
t i c u l a r  importance t o  antenna r e l i a b i l i t y  i n  deploymcnt and 
s e r v i c e ,  a r e  such operat ions a s  adhesive bonding, vacuum de- 
p o s i t i o n  of s u r f a c e  ma te r i a l s ,  c u t t i n g ,  and forming. 

(22 )  S t o r a b i l i t y  (Shelf Li fe )  : S t o r a b i l i t y  requi re -  
ments w i l l  vary among ma te r i a l s ,  b u t  a l l  must  be capable of 
s t o r a g e  f o r  one year  p r i o r  t o  launch. Polymeric m a t e r i a l s  
are e s p e c i a l l y  vulnerable  i n  t h i s  respec t ,  a s  are coa t ings  
and s u r f a c e s  intended f o r  thermal cont ro l .  Storage requi re -  
m e n t s  f o r  each must  be c l e a r l y  defined and adhered t o .  

STATUS O F  DATA COM?ILATION 

Following a r e  some of the  mater ia l s  p re sen t ly  under 
cons ide ra t ion  i n  t h i s  program, along with comments a s  t o  t h e  
s t a t u s  of t h e i r  i nves t iga t ion :  

(1) Aluminum and aluminun: coat ings w e r e  both con- 
s ide red .  A l u m i n u m  was r a t ed  both a s  a s t r u c t u r a l  m a t e r i a l  
and i n  tile form of f o i l  as  an e l e c t r i c a l  conductor.  Vacuum 
depos i ted  aluminum coatings w e r e  considered f o r  t h e r n a l  con- 
t r o l  ana e l e c t r i c a l  conduct iv i ty .  

( 2 )  Mylar* (and metal composites) was not  considered 
a t  this t i m e  due t o  super ior  p rope r t i e s  of Kapton*. Mylar w i l l  
be considered a t  a future da te .  

* Ijupont Regis tered Trademark 
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( 3 )  Kapton" (and m e t a l  composites) was considered 
and r a t ed .  

( 4 )  Kapton* (and boron composites) was considered 
and r a t ed .  

(5) S t a i n l e s s  steel was r a t e d  f o r  use a s  a s t r u c -  
t u r a l  component. 

( 6 )  S t e e l  (and aluminum) composites w e r e  d i scarded  
due t o  l a c k  of d a t a  on a v a i l a b i l i t y  and p r o p e r t i e s .  

(7)  S i l v e r  was not  r a t e d  a t  t h i s  t i m e ,  a l though 
it m e r i t s  f u t u r e  cons idera t ion  i n  coa t ing  form f o r  thermal 
c o n t r o l  and e lectr ical  conduct ivi ty .  

(8 )  Beryll ium was not  r a t e d  a t  t h i s  t i m e ,  bu t  m e r i t s  
f u t u r e  cons idera t ion  f o r  s t r u c t u r a l  app l i ca t ions  as components 
of t h e  mast. 

( 9 )  Invar  was not r a t e d  a t  t h i s  time, but  w i l l  be 
considered a t  a f u t u r e  da t e  f o r  app l i ca t ions  which can u t i -  
l i z e  i t s  stable c o e f f i c i e n t  of thermal expansion. 

( 1 0 )  Temperature cont ro l  coat ings w e r e  no t  r a t e d  
as a group a t  t h i s  time. T h i s  t a s k  should be accomplished a s  
soon a s  design d a t a  which def ine  s u b s t r a t e s  and coa t ing  pro- 
p e r t i e s  a r e  a v a i l a b l e .  

(11) A2 0 (on aluminum or o t h e r  s u b s t r a t e s )  was 
2 3  

n o t  r a t e d  a t  t h i s  t i m e  due t o  l ack  of a v a i l a b l e  d a t a  f o r  
requirements.  

( 1 2 )  Boron was considered and r a t e d  a s  a c o n s t i t u e n t  
of a composite ma te r i a l  f o r  s t r u c t u r a l  use.  

( 1 3 )  S i l i c o n  carbide (and o t h e r  ceramics) was n o t  
r a t e d  a t  t n i s  t i m e  s i n c e  data  w e r e  not a v a i l a b l e  f o r  composite 
of appropr ia te  form. 

(14) Titanium da ta  has n o t  been com2iled a s  y e t ,  
b u t  m e r i t s  f u t u r e  cons idera t ion  f o r  u s e  as mast tens ion  
components. 

(15)  Magnesium was r a t ed  f o r  use a s  compression 
elements of t h e  mast s t r u c t u r e .  T h i s  candidate  has good po- 
t e n t i a l  f o r  weight savings r e l a t i v e  to 'aluminun; however, i t  
has c e r t a i n  o t h e r  r e l a t i v e l y  undesira5le  p r o p e r t i e s ,  such a s  
lack of cor ros ion  r e s i s t a n c e  and poor f a b r i c a b i l i t y .  Data 
w i l l  be completed on magnesium u n t i l  it I s  s e l e c t e d  or  r e j e c t e d  

1 . -  
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as a candidate.  

(16) Fibe r  re inforced  (metallic, Si0 ) aluminum 
was discarded s i n c e  d a t a  were n o t  a v a i l a b l e  f o r  2 .  composites 
of appropr ia te  form. 

(17) Fibrous g l a s s  (aluminum coated)  w a s  d i scarded  
i n  f avor  of f i b r o u s  quar tz  (aluminum coated) .  Fibrous g l a s s  
w i l l  be considered a t  a f u t u r e  da t e .  

( 1 8 )  Fibrous quar tz  (aluminum coated) w a s  r a t e d  f o r  
use  a s  r e f  l e c t o r  tapes .  

(19) P B I  r e s i n s  and coat ings w e r e  d iscarded s i n c e  
d a t a  showing a p p l i c a b i l i t y  t o  the  rad io te lescope  w e r e  n o t  
a v a i l a b l e  a t  t h i s  t i m e .  

(20 )  Polamides X - 1 0 1  and PRD-14 w e r e  d i scarded  s i n c e  
d a t a  showirig a p p l i c a b i l i t y  t o  the  rad io te lescope  w e r e  no t  
a v a i l a b l e  a t  t h i s  t i m e .  

(21) E l a s t i c  memory rcater ia ls ,  polymeric (po lysu l f ide )  

They w i l l  be considered l a t e r  f o r  use i n  p r o t e c t i n g  
w e r e  no t  rated s i n c e  requirements f o r  them a r e  n o t  p r e s e n t l y  
def ined.  
network t apes  from t h e  e f f e c t s  of creasing.  

( 2 2 )  E l a s t i c  menory ma te r i a l s ,  m e t a l l i c  ( n i t i n o l )  
w e r e  no t  r a t e d  s i n c e  requirements f o r  tnem a r e  no t  p r e s e n t l y  
def ined .  
network tapes  from t h e  e f f e c t s  of creasing.  

They w i l l  be considered l a t e r  f o r  use i n  p r o t e c t i n g  

References f o r  t h i s  s e c t i o n  a r e  References nos. 1, 2 ,  
10, 11, 1 9 ,  2 0 ,  2 3 ,  2 4 ,  25 ,  2 6 ,  2 7 ,  and 28.  

I 
-12- 



SELECTION CRITERIA AND RATING INDICES 

The foregoing material p r o p e r t i e s  and c h a r a c t e r i s t i c s  
are n o t  t o  be compared i n d i v i d u a l l y  t o  select t h e  p r e f e r r e d  
m a t e r i a l s .  In s t ead ,  t h e s e  i n d i v i d u a l  mater ia ls  parameters  
must be combined i n t o  r a t i n g  i n d i c e s .  
i n d i c e s  a l r eady  e x i s t  and a r e  so formulated t h a t  t hey  snow 
t h e  e f f e c t s  of combinations of t h e  p r o p e r t i e s  on such over- 
a l l  q u a l i t i e s  of t h e  end product as s t r u c t u r a l  e f f i c i e n c y ,  
s t r u c t u r a l  r e l i a b i l i t y  and t h e  e f f e c t  of t h e  s t r u c t u r a l  mater- 
i a l  on t h e  o v e r a l l  cos t -e f fec t iveness  of t h e  LOFT. These 
va r ious  types  of r a t i n g  ind ices  are gene ra l ly  n o t  app l i ed  
independent of one another.  T h a t  i s ,  f o r  i n s t a n c e ,  s t r u c -  
t u a l  e f f i c i e n c y  can usua l ly  be gained a t  t h e  expense of reli-  
a b i l i t y  o r ,  by f a b r i c a t i n g  e f f i c i e n t  s t r u c t u r e s  t h e  magnitude 
of t h e  cos t - e f f ec t iveness  q u o t i e n t  f o r  t h e  t o t a l  program may 
be reduced. 

Many of t h e  r a t i n g  

Since t h e s e  concepts of r a t i n g  i n d i c e s  are n o t  new, 
their  employment i n  t h i s  program t o  form a r a t i o n a l  b a s i s  
f o r  m a t e r i a l  s e l e c t i o n  i s  a matter of adapt ing  them t o  t h e  
LOFT program's requirements. This  adap ta t ion  t o  LOFT requi re -  
ments w i l l  f o r m  t h e  ma te r i a l s  s e l e c t i o n  c r i te r ia .  

T o  i l l u s t r a t e  the a p p l i c a b i l i t y  of some of t h e s e  r a t i n g  
i n d i c e s  t o  t h e  p r e s e n t  problem cons ider  f i r s t  t h e  e f f e c t  of 
ma te r i a l  s e l e c t i o n  on t h e  weight of t h e  LOFT mast. Because 
it w i l l  be very l i g h t l y  loaded, t h e  m a t e r i a l ' s  e l a s t i c  modulus 
i s  a key parameter.  Reference 30 shows t h e  weight of t h e  co l -  
umn w i l l  be p ropor t iona l  t o  d . where d i s  t h e  m a t e r i a l ' s  

'E '12 

d e n s i t y  and E i s  i t s  e l a s t i c  modulus. For s t r e n g t h  c r i t i c a l  
components t h e  weight index is d/F 
s t r e n g t h .  Regarding cos t - e f f ec t iveness  i n d i c e s ,  Reference 3 1  
shows t h a t  on t h a t  b a s i s  the o b j e c t i v e  i s  t o  minimize an index 
I given by: 

where F i s  t h e  t e n s i l e  
TY TY 

I = vcJs + cs 

where V i s  a q u a n t i t y  expressing t h e  va lue ,  per  u n i t  weight,  f o r  
sav ing  weight on the o v e r a l l  p roduct ,  W i s  t h e  weigiiL t h e  

s t r u c t u r a l  p a r t  unde r  cons idera t ion  and 

of producing t h e  p a r t i c u l a r  s t r u c t u r a l  p a r t .  The manner i n  
which the  var ious  ma te r i a l  p r o p e r t i e s ,  c o s t s ,  and cha rac t e r -  
i s t i c s  can in f luence  I ,  above, i s  obvious i n  some ins t ances .  
The problem i n  adapt ing t h i s  type of c o s t  minimization t o  LOFT 
i s  one of j ud ic ious ly  eva lua t ing  t h e  s i g n i f i c a n c e  of economy 
i n  such a program. 

S 
Cs i s  tne t o t a l  cost  

-13- 
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CONCLUSIONS 

The interim results of this study indicate that the following 
materials are preferred candidates: 

Aluminized Kapton* film - tape for reflecting net and rim 
Kapton Film* - tension t a p e s  
Aluminum alloy tubing - mast longerons and cross members 
Aluminum alloy tape - mast diagonals. 
It is emphasized, however, that these select' ed on 

te compilation of data and n r r i g o r o u m c a t i o n  of 
selection criteria. Other materials may well prove to 

be superior but additional information concerning them must be 
acquired through continued exploration of the existing literature 
and, for incompletely characterized materials, by executing speci- 
ally designed test programs. In some cases, advancements in 
technology may demonstrate the superiority of materials presently 
in the terminal stages of development. Composites reinforced with 
boron filaments and other fibrous materials are representative of 
this latter group. 

Astro Research Corporation 
Santa Barbara, California. 

*Dupont R e g i s t e r e d  T r a d e m a r k  
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APPENDIX A 

MATERIAL DATA SHEETS 

(Data Sheet N o .  - 1 ) Tape & Film, Polyimide, Kapton* Type H 

General Information. - Kapton* Type H Film is manufactured by 
E. I. DuPont D e  Nemours & Co., ( I n c . ) ,  Film Department, I n d u s t r i a l  
S a l e s  Divis ion,  350 F i f t h  Avenue, New York, N.Y., 10001. 

Proposed a p p l i c a t i o n s  are:  

(1) Tensioning t apes  

( 2 )  Ref l e c t o r  ribbons (as  aluminum/Kapton* conposi te  f i l m )  

( 3 )  M a s t  s t r u c t u r e  ( a s  tubular  e l emen t s  formed from 
boron/Kapton* composite f i lm)  

Cost  and a v a i l a b i l i t y  a r e  a s  follows: 

Price Y i e l d  sq. f t  Approx. f t  p e r  r o l l  
per lb: per lb: 6 i n .  OD: 9% i n .  OD: 

50 S; m i l  $25 27 2 
1 0 0  1 m i l  $25 1 3  6 
200 2 m i l  $ 2 5  68 

5Gi; 5 m i l  $25 27 
3 3 2  3 m i l  $25 45 

- - 
1500 5100 
750 2550 

1700 500 
- 1000 

R o l l s  a r e  s l i t  to  order  i n  1/16 inch increnents  w i th in  t h e  
l i m i t s  i nd ica t ed  belcw. Wider  widths up t o  36 inches a r e  a v a i l -  
ab l e  f o r  c e r t a i n  i t e n s  on a spec ia l  p r i c e  quotat ion basis.  

Min. Width: Max. Width: Roll OD: 

A l l  except  500 6 i n .  3/16 i n .  7/16 i n .  
A l l  9% i n .  '/i i n .  1 2  i n .  

* C u P o n t  Registered Trademark 
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APPENDIX A - MATERIAL DATA SHEETS (CON'T.) 
( D a t a  Sheet No .  - 1 ) Tape & F i l m ,  Po ly in ide ,  K a p t o n *  Type H ( C o n ' t . )  

A re lated product  is d e s i g n a t e d  K a p t o n *  Type F F i l m  w h i c h  is 
a p o l y i m i d e  base f i l m  coated w i t h  Teflon* FEP t o  i m p a r t  heat  seal-  
a b i l i t y ,  a m o i s t u r e  barrier, and enhanced c h e m i c a l  resistance 
( r e f .  4)  

Properties. - 

TYPICAL PHYSICAL PROPERTIES 
TYPE H FILM 1 MIL ( R e f .  5) 

PHYSICAL PROPERTIES 

Ultimate Tensile Strength (MD) 
Yield Point (MD) 
Stress to Produce 5% Elongation (MD) 
Ultimate Elongation ~ (MO) 
Tensile Mcdulus (MD) 
Impact Strength 
Folding Endurance (MIT) 
Tear Strength-Propagating (Elmendor8 
Tear Streng:h-lnitial [Graves) 
Bursting Test iklJllen) 
Density 
Coefficient o f  F:ic:ion Kinetic (F i l i i - t oT ih !  
Refractive Indsx ( B e c k  Line) 

- 

-195°C 

35,000 psi 

2% 
510,000 psi 

TYPICAL YALUES 

25°C 

25,000 psi 
10,000 psi at 3% 

13,000 psi 
70% 

d30.000 psi 
6 Kg-cm/ mil  
10,000 cycles 
8 grnimil 
510 grn/mil 
75 psi 

1.42 gm/cc 
.42 
1.78 

--- 
l t D u P o n t  R e g i s t e r e d  T r a d e m a r k  
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Z00"C 

17,000 psi 
6,000 psi at 3% 

8,500 psi 
90% 

260,COO psi 

TEST METHOD 

PSThl D-882-641 
ASTM 0-882-631 
ASTV D-882-53T 
ASTM D-88264T 
ASTV D-882-64T 

Du Poct Pneunatic Impact Test 

ASTM D-1922-51T 
ASTM D-2176-63T 

ASTM D-100461 
ASTIA D-773-63T 
ASTM 01505-63T 
ASTFiI D-18sg-53 

Encyclopasdic Dictionary of 
Physics, Volume I 

_ _ ~  - 
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APPENDIX A - MATERIAL DATA SEEETS (CON'T.)  
( D a t a  Sheet No._L) Tape & F i l m ,  P o l y i m i d e ,  K a p t o n *  Type H ( C o n ' t . )  

30 
26 

22 

22 

14 
3 
p: 

bi 10 

6 

2 

Tens i le  Stress vs. S t r a i n  a t  V a r i o u s  
T e m p e r a t u r e s ,  Type  H F i l m  1 m i l .  
(ref. 5) . 

DIELECTRIC CONSTANT 
TYPE H FILM AT 25OC AhTD 50% R.H. 
( r e f .  6) 

D- 150-59T 
3 mil 
5 mil 3.7 

* Du.Pont  R e g i s t e r e d  Tradeinark 
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APPENDIX A - MATERIAL DATA SHEETS (CON'T. )  
( D a t a  Sheet N o .  1 ) Tape & F i l m ,  Polyirni.de, K a p t o n *  Type H ( C o n ' t , )  - 

R E L A T I m  HUMIDITY VS. DIELECTRIC CONSTANT 
TYPE H FILM 1 MIL @ 25OC ( r e f  6) 

% R e l a t i v e  
H u m i d i t y :  

0 
30 
50 
80 
100 

3.5 

3.4 

3.2 

3.0 

2.8 

D i e l e c t r i c  A b s o l u t e  Water 
C o n s t a n t  : C o n t e n t ,  %: 

3.0 
3.3 
3.5 
3.7 
3.9 

- 
1.3 

2.9 
- 

-1CO"C 0°C 100°C Z C W T  300°C 
TE hl PER AT U R E "C 

D i e l e c t r i c  Consta!it  vs, T e m p e r a t u r e  
Type H F i l m  1 m i l  ( r e f .  6 )  

* DuPont  R e g i s t e r e d  Tradc : : a rk  
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Zero Strength Temperature 

Coefficient of Linear Expansion 

APPENDIX A - MATERIAL DATA SHEETS (CON'T , )  
( D a t a  Sheet No.  _I_ 1 ) Tape & F i l m ,  Polyimide,  K a p t o n *  Type H ( C o n ' t , )  

815°C 

2.0 x IO--5 in./ in./ "C 

3.7 

3.6 

3.5 

3.4 

3.3 

3.2 

3.1 

3.0 

2.9 

2.8 

2.7 

Iff l(r Iff 
FREQUENCY, cps 

Specific Heat 

Flammability 

D i e l e c t r i c  C o n s t a n t  vs. Frequency 
Type H F i l m  1 m i l  (ref, 6) .  

261 

Self-extinguishing 

TYPICAL THERMAL PROPERTIES 
TYPE H FILM - 1 MIL (ref .  5 )  

Heat Sealable 

I I 

No 
-- 

I T H E R M A L  P R O P E R T I E S  I T Y P I C A L  VALUES 
L I 

Melting Point I NONE 

Coefficient of Thermal  
Conductivity 

3.89 x 1 0 - 4  
4.26 x 1 0 - 4  
4.51 x I&4 

I . 
I 

-21- 

TEST CONDITION 

20 psi load for 5 seccjnds 

(-4 14% to 38'C 

25% 
35°C 

200°C 
300°C 

calslgml 'C 

T E S T  METHOD = 
Hot Bar (Du PGnt Test) 

ASTM D-696-41 

Model IC-1OCO 
Twin Heaimaster 

Comparative Tester 

I Differential Calorimetry 
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i n l i n  "E. x 10s Temperatuie Range 

23-100°C. 1.80 

100-200 O c . 3.10 

200-300°C. 4.85 

300400°C. 7.75 

23400°C. 4.55 
L -. -. 
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APPENDIX A - MATERIAL DATA SHEETS (CON'T) 
( D a t a  Shee t  N o .  - 1 ) Tape & Film, Polyimide, Kapton" Type H (COn't-)  

Residual manufacturing stresses ( r e f .  5) cause shr inkage i n  
Type H Film on i ts  i n i t i a l  exposure t o  e levated temperatures.  
The bar graph below i n d i c a t e s  t h e  magnitude of t h i s  i n i t i a l  
shr inkage a t  two temperatures.  

3.5 

. 3.0 

2.5 

111 2 2.0 

$ 
Y 

z i.5 

s 
v) 

1.0 

.5 

0 

I n i t i a l  Shrinkage vs. Exposure 
Temperature and Gauge, Type H F i l m  ( r e f .  5) . 

Thermal Coef f i c i en t  of Expansion 
Type H F i l m  1 m i l  (Previously 
Thermally Exposed)  ( r e f .  5 ) .  

* DuPont  Regis tered Trademark 
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APPENDIX A . -  MATERIAL DATA SHEETS (CON'T.)  
( D a t a  Shee t  No.  7 1 ) Tape & f i l m ,  Polyimide, K a p t o n *  Type H ( C o n l t . )  
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.- 
B 22 

I, 
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5 18 
16 
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10 

HOURS AT 300°C 

T e n s i l e  S t r eng th  vs. Aging a t  3OOOC 
Type H Film 1 M i l  ( r e f .  5 ) .  
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0 z 9 40 
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10 

200 400 600 800 1,000 0 
HOURS AT 300°C 

U l t i m a t e  Elongaticn vs. Aging a t  300°C 
Type H F i l n  1 M i l  ( r e f .  5 ) .  

* DuPont R e g i s t e r e d  Trademark 



APPENDIX A - MATERIAL DATA SHEETS (CON'T,) 
(Data Sheet No. - 1 ) Tape & Film, Poly imide ,  Kapton* Type H (Con't.) 

TIME REQUIRED.FOR REDUCTION IN ULTIMATE 
ELONGATION FROM 70% TO 1% 

TYPE H FILM 1 MIL (ref, 5 )  

n 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 

~- 

Temperature 

450°C. 

425°C. 

400°C. 

375°C. 

350°C. 

300°C. 

275°C. 

250°C. 

Environment 

Air 

2 hours 

5 hours 

12 hours 

2 days 

6 days 

3 month& 

1 year 

8 years 

Helium 

22 hours 

3% days 

2 weeks 

2 months 

1 year 

* DuPont Registered Trademark 
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APPENDIX A - MATERIAL DATA SHEETS (CON'T.) 
(Data Sheet  N o .  - 1 ) Tape & Film, Polyimide, Kapton* Type H (Con ' t . )  
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10 

15 

20 

$ 25 ' 30 
vi 

2 
35 

40 

45 

50 

55 

s? 

100 200 300 400 500 600 700 800 900 1,000 

TIME (hllNUTES) 

I sothermal Weight L o s s  
Type H F i l m  1 M i l  (ref. 5) 

* DuPont Registered Trademark 
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APPENDIX A - MATERIAL DATA SHEETS . (CON'T. )  
( D a t a  Sheet No.  - 1 ) Tape & F i l m ,  P o l y i m i d e ,  K a p t o n *  Type H (Con ' t . )  

CRYOGENIC T E N S I L E  PROPERTIES 
OF TYPE H FILM (ref. 5) 

T e n s i l e  S t rength  ( W S I )  25OC -195OC -269OC 

A 3 - m i l  43 
B 5 - m i l  MD/TD 22/18 35/27 
C 5 - m i l  34 
D 1 - m i l  30 45 
E 1 - m i l  25 35 

33 

Elongat ion (%) 

A 3 - m i l  
B 5 - m i l  
C 5 - m i l  
D 1 - m i l  
E 1 - m i l  

Modulus ( K P S I )  

A 3 - m i l  
B 5 - m i l  
C 5 - m i l  
E 1 - m i l  

* D u P o n t  R e g i s t e r e d  Trademark 

6 
74/79 12/8 

6 
140 24 
70 2 

5 

1000 

890 800 
200/200 420/500 

430 510 
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APPENDIX A - MATERIAL DATA SHEETS (CON'T.)  
( D a t a  Sheet No .  7 1 ) Tape & F i l m ,  Po ly imide ,  K a p t o n *  Type H ( C o n ' t . )  

E n v i r o n m e n t a l  C h a r a c t e r i s t i c s .  - 

EFFECT OF ULTRAVIOLET EXPOSURE ON TYPE H FILM (ref. 5) 

( L e w i s  R e s e a r c h  C e n t e r )  

C o n t r o l :  1000 h r s  V a c u u m  UV: 

T e n s i l e  S t r eng th  (KPSI) 

E l o n g a t i o n  (%) 

21 21 

106 7 8  

* DuPont  R e g i s t e r e d  Tradey-ark  
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APPENDIX A - MATERIAL DATA SHEETS (CON'T.)  

( D a t a  Shee t  No. - 2 ) F o i l ,  Aluminum 

General Information. - Aluminum f o i l  a s  a v a i l a b l e  from 
Kaiser  Aluminum and Metals Corporation, Reynolds Metals Company, 
and o t h e r s  can be considered f o r  use a s  r e f l e c t o r  r ibbons i n  t h e  
antenna network. The f o i l  may be used unsupported or  may be 
laminated wi th  adhesive t o  a s u i t a b l e  s u b s t r a t e  such as Kapton* 
o r  Mylar*. F o i l  ma te r i a l  is usual ly  pure aluminum or  a l l o y  
1080, 1145, o r  3003. 

Curren t  c o s t  of a l l o y  1145, soft, s l i t  i n t o  r ibbon 0.0005 
inches t h i c k  by 1/8 inch w i d e ,  is $5.879 per  pound i n  q u a n t i t i e s  
of 10  pounds from Republic F o i l  Inc . ,  Danbury, Conn. 

P r o p e r t i e s .  - The chemical compositions of some aluminum 
f o i l  m a t e r i a l s  a r e  tabula ted  below ( r e f .  16 ) .  

Mn A1 
(percent )  (percent )  

Pure Aluminum - 99.996 

Alloy 1145 (Republic) - 99.45 

Alloy 3003 1 .2  Remainder 

Typica l  phys i ca l  p rope r t i e s  f o r  pure aluminum and f o r  a l l o y  
3003 a r e  t abu la t ed  below. Data a r e  f r o m  s h e e t  specimens and may 
n o t  describe f o i l  exac t ly  ( r e f .  15,  1 6 ) .  

* DuPont Regis tered Tradernark 
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APPENDIX A - MATERIAL DATA SHEIETTS (CON'T.) 
( D a t a  Shee t  N o .  - 2 ) F o i l ,  Aluminum (Con't.) 

Pure Aluminum Alloy 3003-0 

Densi ty  , g/cm3@200 C . 2.6989 2.73 

S p e c i f i c  Weight, 
lb/in.3@680F . 0.09751 0,099 

Melt ing Po in t ,  OF. 1220.4 1200 

Elec t r ica l  Conduct iv i ty  
a t  2OoC., % IACS 64.94 

Thermal Conduct ivi ty  
a t  25OC., cal/crn/cm2/"C./sec - 

46 

0.42 

Typica l  mechanical p r o p e r t i e s  for pure aluminum and for 
alloy 3003 are t a b u l a t e d  b e l o w .  Data are from s h e e t  and may n o t  
d e s c r i b e  f o i l  e x a c t l y  ( r e f .  15 ,  1 6 ) .  

Annealed 
Pure Aluminum Alloy 3003-0 

Modulus of E l a s t i c i t y ,  p s i  9 x l o 6  10 x l o 6  

P o i s s o n ' s  Ra t io  - 0.33 

Modulus of R i g i d i t y ,  p s i  - 3.75 x l o 6  

T e n s i l e  S t r eng th ,  p s i  6800 16,000 

Yie ld  S t r eng th ,  p s i  1700 

Elongat ion,  Pe rcen t  60 

Hardness, B r i n e l l ,  
500 kg Load, 10  mv B a l l  17 

Shear S t r eng th ,  p s i  - 

cycles, R-R, Koore Machine - F a t i g u e  L i m i t ,  500 X 10' 

-31- 
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APPENDIX A - NATERIAL DATA SHEETS (CON'T.) 
( D a t a  Shee t  No .  2 ) F o i l ,  Aluminum (Con't .)  - 

Values f o r  thermal  expansion i n  t h e  range -2OOOC. t o  
+5OO0C. 
(ref. 16 ) .  

are t a b u l a t e d  be lowforpure  aluminum and for  a l loy  3003 

Micro-in./ inpC, 
Temperature, O C .  Pure Aluminum A l l o y  3003 

-200 t o  20 18.0 - 

-150 to 20 19.9 - 
- -100 t o  20 21.0 

- 50 t o  20 21.8 21.4 

20 to 3-00 23.6 23.2 

20 t o  200 24.5 24.3 

20 t o  300 25.5 25.0 

20 to  400 26.4 - 

20 t o  500 27.4 - 

Environmental C h a r a c t e r i s t i c s .  - The r a t i o  o f  solar 
absorptance t o  emnit tance (a / E )  i s  3.0, i 0.05, - 0.04 for  

MIL-A-148 aluminum f o i l .  Absorptance and enmit tance a t  70°F. are :  
S 

a = 0.12 * 0.04 
S 

E: = 0.05 f 0.02 (ref. 2) 

Metals used i n  t h e  h igh  vacuum of space are s u b j e c t  t o  loss 
of t h e i r  v o l a t i l e  a l l o y i n g  cons t i t uen t s .  Tabulated below a r e  t h e  
nominal c o n s t i t u e n t s  of pure aluminum and aJJoy3003 toge the r  w i t h  
tempera tures  f o r  selected subl imakbn r a t e s .  I t  should be 
noted t h a t  even a t  temperatures  e l eva ted  s u f f i c i e n t l y  t o  permi t  
creep under load ,  t h e  m a x i m u r n  l o s s  r a t e  from t h e  a l l o y  w i l l  be 
less t h a n  from t h e  pure  v o l a t i l s  metal  i n  p ropor t ion  t o  t h e  

- 3 2 -  
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APPENDIX A - MATERIAL DATA SHEETS (CON'T,) 
( D a t a  Shee t  N o .  - 2 ) F o i l ,  A 1 u m i r . m  (Con't .)  

cm/yr cm/yr 10-1 m/yr 
(1000 A / Y r )  (0.0004 in /yr )  (0,040 i n /y r )  
OC . OF. OC . OF. OC. OF. 

450 840 540 1010 650 1200 

composition of t h e  m e t a l  (ref. 11). 

A 1  I 550 1020 680 1260 810 1490 

Melt ing  Point :  

1240 2270 

1220 660 

Metals p r e s e n t  no r a d i a t i o n  damage problems except  a t  extreme- 
l y  h igh  doses of t h e  o r d e r  of 1 X 101sn/cm2 o r  greater such as 
t h o s e  which might be obta ined  from reactor f l u x e s  ( r e f .  1). 
Typ ica l  e f f e c t s  of neutron i r r a d i a t i o n  on mechanical p r o p e r t i e s  
are shown beiow f o r  pure  annealed aluminum, Values shown are for  
an e F o s u r e  of 800 X 10l8 n/cm" (ref.  17). 

Contro l  : I r r a d i a t e d :  

T e n s i l e  S t r eng th ,  p s i  6,600 12 ,200  

Yie ld  S t r eng th ,  p s i  2,100 5,500 

Elongat ion,  pe rcen t  46 30 

- 3 3 -  
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(Data Sheet  N o .  3 ) Tubing, Aluminum Alloy 2024-T3 

General Information. - Aluminum tubing as suppl ied  by Aluminum 
Company of  America and o t h e r s  i s  a v a i l a b l e  in a wide range of 
a l l o y s  which vary widely i n  t h e i r  r e spec t ive  performance charac te r -  
i s t ics .  For proposed use as longerons and other s t r u c t u r a l  ele- 
ments of t h e  mast,  a l l o y  2024-T3 i s  a l o g i c a l  cand ida te  s i n c e  it 
possesses  good phys ica l  and mechanical proper t ies  and lends  i t s e l f  
w e l l  t o  convent ional  f a b r i c a t i o n  techniques,  

O.D. wi th  a wal l  th ickness  of 0 .020  inches. The data are c u r r e n t  
estimates s u b j e c t  t o  m i l l  acceptance and are based on s tandard  
m i l l  l eng ths  of  1 0  t o  1 2  f e e t .  For a quant i ty  of 200  f e e t  ( f o r  
model cons t ruc t ion )  t h e  c o s t  i s  $0.13 per  foot with  a set-up 
change of  $130. For a quan t i ty  of 30 ,000  f e e t  ( f o r  f u l l  scale 
m a s t  cons t ruc t ion )  t h e  c o s t  i s  $0.134 per  foot without  set-up 
charge ( r e f .  14). 

- 

C o s t  d a t a  given here are f o r  a l l o y  2024-T3 tub ing ,  1 / 2  inch  

P r o p e r t i e s .  - The following d a t a  a r e  for drawn tub ing ,  a l l o y  
2024-T3, and r ep resen t  minimuin values f o r  specimens t e s t e d  p a r a l l e l  
t o  t h e  d i r e c t i o n  of drawing ( r e f .  15). 

Wall Thickness Tens i l e  Strength Elongatior, 
( i n c  he s ) ( P s i ,  m i n i m u m )  (per c e n t ,  minimum) 

U1 tima t e  Yield Ful l  Sect ion Cut-out 

0.018 - 0.024 64,000 42,000 1 0  
0,025 - 0.049 64,000 42,000 1 2  
0.050 - 0.259 64,000 42,000 1 4  
0 .260  - 0 . 5 0 0  64,000 42,000 1 6  

- 
10 
10 
1 2  

Elongation va lues  a r e  f o r  2 inch gauge lengths on f u l l  s e c t i o n  
specimens o r  gauge l eng ths  equal t o  4 t i m e s  t h e  diameter  of a 
cut-out  specimen. Round tubes  2 inches or  less i n  o u t s i d e  diameter 
and square  tubes  1 - 1 / 2  inches o r  less on a s i d e  are t e s t e d  i n  f u l l  
s e c t i o n  u n l e s s  l i m i t a t i o n s  of t h e  t e s t i n g  machine preclude t h e  use  
of such a specimen. For tubings l a r g e r  than t h e s e  s i z e s ,  o r  for 
t ub ings  of o t h e r  shapes,  o r  i n  o t h e r  cases  where a f u l l  s e c t i o n  
cannot be used,  a cut-out  specimen i s  tested. 

(ref.  1 5 ) .  
The chemical composition of a l l o y  2024 i s  t abu la t ed  below 

I -34- 
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APPENDIX A - MATERIAL DATA SHEETS (CON'T.)  
(Data Sheet N o .  3) Tubing, Aluminum Alloy 2024-T3 (Con't .)  

Nominal Composition 
Composition L i m i t s  

Cons t i t u t en t  (per  cent )  (per  c e n t )  

S i l i c o n  
I r o n  
Copper 
Manganese 
Magnesium 
Chromium 
Zinc 
Tota l  o t h e r  
Aluminum 

- 
4.5 
0.6 
1.5 - 

Remainder 

0.50 max. 
0.50 max. 
3.8 - 4.9 
0.30 - 0.9 
1 .2  - 1.8 
0.10 max. 
0.25 max. 
0.15 max. 
Remainder 

Typical  phys ica l  p rope r t i e s  of a l l o y  2024-T3 a r e  t abu la t ed  
below ( r e f .  1 4 ) :  

specific g r a v i t y ,  g/cm3 
S p e c i f i c  weight,  lbs / in .  
Melting Range, approx. OF 
E l e c t r i c a l  conduct iv i ty  a t  2 o 0 C  (68OF), 

p e r  c e n t  of I n t e r n a t i o n a l  Annealed 
Copper Standard.  

Thermal Conductivity a t  25OC (77OF), 
cal/cm/cm2/oc/sec 

2.77 
0.100 
935-1180 
30 

0.29 

Typical  mechanical p rope r t i e s  of a l l o y  2024-T3 are t abu la t ed  
below. The d a t a  a r e  average f o r  t h e  var ious  forms a v a i l a b l e  and 
may n o t  desc r ibe  tubing exac t ly  ( r e f .  1 5 ) .  

Ultimate t e n s i l e  s t r e n g t h ,  p s i  7 0 , 0 0 0  
Yield s t r e n g t h ,  p s i  5 0 , 0 0 0  
Elongation i n  2 inches (1/16" t h i c k )  , 1 8  

per  c e n t  

b a l l  
Hardness, B r i n e l l ,  500 kg load,  1 0  mm 1 2 0  

Shearing s t r e n g t h ,  p s i  4 1 , 0 0 0  
Fa t igue  endurance l i m i t ,  p s i  2 0 , 0 0 0  (A) 
Modulus of E l a s t i c i t y ,  p s i  10 .6  x lo6 (B) 

(A) Based on 5 0 0 , 0 0 0 , 0 0 0  cyc le s  of completely reversed  
s t r e s s  using t h e  R. R. Moore type of machine and speci-  
men. 

(B)  Average of tens ion  and compression moduli, Compression 
modulus i s  about 2 per cent  g r e a t e r  than t ens ion  modulus. 

-35- 
~- ~ 



I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

A P P E N D I X  A - MATERIAL DATA SHEETS (CON 'T. ) 
(Data Sheet N o .  3 ) Tubing, Aluminum Alloy 2024-T3 (con't.) - 

Typical tensile properties of alloy 2024-T3 at various temp- 
eratures are tabulated below. Reported data are the lowest 
strengths during 10,000 hours of heating at testing temperature 
under no load; stress applied at 5,000 psi/minute to yield 
strength and then at strain rate of 0.05 in./in./min. to failure. 
For measurement of elongation, offset equals- 0.2- per cent (ref. 
15). 

Tensile Strength Elongation 

(OF) Ultimate Yield (per cent) 
Temperature (psi) in 2 inches 

-320 
-112 
-18 
75 
212 

400 
500 
600 
700 

3 n n  
d V V  

85,000 
75,000 
72,000 
70,000 
66,000 
c c  nnn 
J J , U U U  

29,000 
12,000 
8,000 
5,500 

62,000 
52,000 
51,000 
50,000 
48,000 

22,000 
9,000 
6,000 
4,000 

c n  nnn 
J U , U U U  

18 
17 
17 
17 
16 
11 
23 
55 
75 

100 

Additional data for tensile properties of alloy 2024-T3 at 
~ 

various temperatures are presented in the following graphs (ref. 
16). 

- 
0 n 
0 
0 
0 

TZZ-T1-i_.1 13 clad sheet 

100 2 00 300 400 01 I 13 I O 0  loco 
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APPENDIX A - MATERIAL DATA SHEETS (CON 'T. ) 
(Data Sheet No. - 3 )  Tubing, Aluminum Alloy 2024-T3 (con't.) 

Values for thermal expansion over the range -76OF to +572OF 
are tabulated below for alloy 2024 (ref. 16). 

Range, OF 

-76 to +68 
68 to 212 
68 to 392 
68 to 572 

Range, O C  

-60 to +20 
20 to 100 
20 to 200 
20 to 300 

#icro-in./inJOC 

21.4 
22.8 
23.9 
24.7 

Fabrication ratings for alloy 2024-T3 are listed below (ref. 
15). 

Resistance to corrosion 
Workability, cold 
Machinability 
Brazeability 

Weldability: 
G a s  

Arc 
Resistance, spot and seam 

Pair 
Fair 
Good 
No commonly used method 
so far developed. 

El0 commonly used method 
so far developed. 
Special techniques 
Special techniques 

Environmental Characteristics. Al loys  used in the high 
vacuum of space are subject to l o s s  of their volatile alloying 
constituents. Tabulated below are the nominal constituents of 
alloy 2024 together with temperatures for selected subliraation 
rates. It should be noted that even at teaperatures elevated 
sufficiently to penhit creep under load, tpke maximum loss rate 
from the alloy will be less than from the p u r e  volatile metal 
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10 cm/yr cm/yr 
( 1 0 0 0  A/yr )  (0 .0004  i n / y r )  
OC OF OC OF 

630  1 1 6 0  760  1 4 0 0  
450  8 4 0  5 4 0  1 0 1 0  
1 1 0  230  1 7 0  3 4 0  
5 5 0  1 0 2 0  680 1 2 6 0  

APPENDIX A - MATERIAL DATA SHEETS (CON'T. ) 
( D a t a  Shee t  N o .  - 3 T u b i n g ,  Aluminum A l l o y  2024-T3 (con ' t . )  

IO-' m / y r  
(0 .040  in /yr )  
OC OF 

900  1 6 5 0  
650 1 2 0 0  
2 4 0  4 7 0  
8 1 0  1 4 9 0  

i n  proportion t o  t h e  c o m p o s i t i o n  of t h e  alloy (ref. 11). 

E l e m e n t  

cu 
M n  

All 
M g  

Melting Poin t :  

OC OF 

1 0 8 0  1 9 8 0  
1 2 4 0  2270  

6 5 0  1 2  00 
660  1 2 2 0  

E r o s i o n  by meteoroids is s i g n i f i c a n t  only close t o  ear th .  
Much more f requent  t han  pene t r a t ion  i s  spal l ing  of fragments f r o m  
t h e  i n s i d e s  of w a l l s  s t r u c k  b y  meteoroids. The fo l lowinq  t w o  
diagrams i l l u s t r a t e  the  f r e q x e n c i e s  of these effects i n  t he  

v i c i n i t y  of the e a r t h ' s  o r b i t  (ref. 1 1 ) .  

FREQUENCY OF PERFORATION, log ft-'F-' 
-6 -4 -2 0 2 4 6 8 IO 

2 
I 

E' E l  .- 
0 0 0 :  - 

W - I  z" 
- 

0 co- cn- cn cn 
z 
Y - I  u 0 
I -2 I- 
I- -2 C 
W W 

v) 0 

Y 

W I -3 g 
-3 

-4 

-4 
-8 -6 - 4  - 2  0 2 4 6 e 1 0  

FREQUENCY OF PERFORATION, log rE2yr4 

I 
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APPENDIX A - MATERIAL DATA SHEETS (CON’ T. ) 
( D a t a  Sheet  N o .  3 Tubing, Aluminum A l l o y  2024-T3 ( con’ t . )  - 

-2 -€ 
FREQUENCY OF SPALLING, log ft  

FREQUENCY OF SPALLING. log 6‘yf-I 

Metals p r e s e n t  no r ad ia t ion  damage problem except  a t  ex- 
t remely h igh  doses o f  t h e  order  of  1 x 10’’n/m2 o r  g r e a t e r  such 
as those  which might be obtained from reac to r  f luxes  ( r e f .  1). 
Typical  e f f e c t s  of neutron i r r a d i a t i o n  on wechanical p r o p e r t i e s  
a r e  shown below f o r  a l l o y  2024 .  Values shown a r e  f o r  a tempera- 
t u r e  of  120°F and an exposure of 984  x 10’*nn/cm2 ( r e f .  1 7 ) .  

Tens i l e  s t r e n g t h ,  p s i  
Yield s t r e n g t h ,  p s i  
Elongat ion,  p e r  c e n t  

-39- 

Control I rr a d i  a t e d  

71 ,600  84 , 900 
4 5 , 3 0 0  6 6 , 2 0 0  
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APPENDIX A - MATERIAL DATA SHEETS (CON'T. ) 

( D a t a  Sheet N o .  - 4 ) Tubing, Aluminum Alloy 7075-T6 

General Information. -Aluminum a l l o y  tubing as  suppl ied  by 
Aluminum Company of America and o t h e r s  i s  ava i l ab le  i n  a wide 
range of  a l l o y s  which vary considerably i n  their r e s p e c t i v e  per- 
formance c h a r a c t e r i s t i c s .  For proposed use as longerons and 
o t h e r  s t r u c t u r a l  elements of t he  m a s t ,  s t i f f n e s s  i s  of  primary 
i n t e r e s t  and a l l o y  7075-T6 w i t h  i t s  r e l a t i v e l y  high modulns of 
e l a s t i c i t y  i s  a l o g i c a l  candidate.  Other f a c t o r s  such as means 
of f a b r i c a t i o n  must be considered, however, and a requirement f o r  
welding o r  brazing w i l l  probably d i c t a t e  the s e l e c t i o n  of another  
a l l o y .  

O.D. w i th  a w a l l  t h i ckness  of 0 .020  inches.  The d a t a  are c u r r e n t  
e s t i m a t e s  s u b j e c t  t o  m i l l  acceptance and a re  based on s tandard  m i l l  
l eng ths  of 1 0  t o  1 2  feet .  For a q u a n t i t y  of 200 f e e t  ( f o r  model 
cons t ruc t ion )  t h e  c o s t  i s  $0.1581 p e r  f o o t  p lus  a set-up charge of 
$130. For a quantity of 30,000 feet  ( fo r  f u l l  scale m a s t  eon- 
s t r u c t i o n )  t h e  cost is  $ 0 . 1 6 9  per f o o t  without set-up charge 
( r e f .  1 4 ) .  

C o s t  data given here  are f o r  a l l o y  7075-T6 tub ing ,  1 / 2  inch  

P r o p e r t i e s .  - The following d a t a  are f o r  ex tmded tubing ,  
a l l o y  7075-T6, and r ep resen t  minimum values  fo r  specimens t e s t e d  
p a r a l l e l  t o  t h e  d i r e c t i o n  of ext rus ion  ( reg .  15). 

Wall Thickness Tens i le  S t r eng th  Elongat ion  
( inches  ) ( p s i ,  minimum) (per c e n t ,  minimum) 

Ultimate Yield 

U p  t h r u  0 .249  7 8 , 0 0 0  7 0 , 0 0 0  
0.250 - 0 . 4 9 9  8 1 , 0 0 0  73,000 
0 .500  - 2.999 8 1 , 0 0 0  7 2 , 0 0 0  

7 
7 
7 

Elongat ion va lues  a r e  f o r  2 inch gauge lengths on f u l l  s e c t i o n  

Round tubes  2 inches  or less i n  ou t s ide  d i a -  
specimens o r  gauge l eng ths  equal t o  4 t i m e s  the  diameter of a 
cut-out  specimen. 
m e t e r  and square tubes  1-1 /2  inches o r  less on a s i d e  a r e  t e s t e d  
i n  f u l l  s e c t i o n  un le s s  l i m i t a t i o n s  of t h e  t e s t i n g  machine preclude 
t h e  use  of such a specimen. For tub ing ,  l a rge r  than  t h e s e  s i z e s ,  
o r  f o r  tub ings  of o t h e r  shapes,  o r  i n  o ther  cases where a f u l l  
s e c t i o n  cannot be used, a c u t - o u t  specimen i s  t e s t e d .  

The chemical composition of a l l o y  7075 is  t abu la t ed  below 
( r e f .  15). 
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APPENDIX A - MATERIAL DATA SHEETS (CON IT. ) 
(Data Sheet  N o .  4 )  Tubing, Aluminum Alloy 7075-T6 ( con ' t . )  - 

Const i tuent  

S i l i c o n  
I r o n  
Copper 
Manganese 
Magnesium 
Chromium 
Zinc 
Titanium 
Total  o t h e r  
Aluminum 

Nominal 
Composition 

(per c e n t )  

- - 
1.6 

2.5 
0.30 
5.6 

- 

- 
- 

Remainder 

Composition 
L i m i t s  

( pe r  cen t )  

0.50 m a .  
0.7 m a x  
1.2 - 2.0 
0.30 max. 
2.1 - 2.9  
0.18 - 0.40 
5.1 - 6 . 1  
0.20 m a .  
0.15 max. 
Remainder 

Typical  phys i ca l  p rope r t i e s  of a l l o y  7075-T6 a r e  t abu la t ed  
below ( r e f .  1 5 ) .  

S p e c i f i c  g r a v i t y ,  g/cm3 2.80 

Melting range,  approx. OF 890-1175 
S p e c i f i c  weight ,  lbs / in .  ' 0 .101  

Electr ical  conduct iv i ty  a t  2OoC (68"F), 33 
p e r  c e n t  of I n t e r n a t i o n a l  Annealed 
Copper Standard.  

cal/cm/cm2/oc/sec 
Thermal conduc t iv i ty  a t  25OC (77'F),  0.31 

Typical  mechanical p rope r t i e s  of a l l o y  7075-T6 are t abu la t ed  
below. The d a t a  a r e  average f o r  t h e  var ious  forms a v a i l a b l e  and 
may n o t  desc r ibe  tubing exac t ly  ( r e f .  1 5 ) .  

Ult imate  t e n s i l e  s t r e n g t h ,  p s i  83,000 (A) 
Yield s t r e n g t h ,  p s i  73,000 (A)  

Hardness, B r i n e l l ,  5 0 0  kg load,  l o r n  b a l l  150 
Shearing s t r e n g t h ,  p s i  48,000 
Fa t igue  endurance l i m i t ,  p s i  2 2 , 0 0 0  (B) 
Modulus of e l a s t i c i t y ,  p s i  1 0 . 4  x l o 6  (C) 

Elongation i n  2 inches ,  per c e n t  11 

(A) Extruded products  have s t r e n g t h s  approximately 1 0  per  
c e n t  h igher  than  t h e  va lues  shown. 

(B) Based on 5 0 0 , 0 0 0 , 0 0 0  cyc le s  of completely reversed  
stress us ing  t h e  R. R. Moore type of machine and 
specimen. 
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(Data Sleet 
APPENDIX A - MATERIAL DATA SHEETS (CON'T.) 

0. - 4 ) Tubing, Aluminum Alloy 7075-T6 (con't. 

(C) Average of tension and compression moduli. Compression 
modulus is about 2 per cent greater than tension modulus. 

Typical tensile properties of alloy 7075-T6 at various temp- 
eratures are tabulated below, Reported data are the lowest 
strengths during 10,000 hours of heating at testing temperature 
under no load; stress applied at 5,000 psi/szirmte to yield 
strength and then at strain rate of 0.05 in./in./min. to failure. 
For measurement of elongation, offset equals a.2 per cent (ref. 15) , 

Tensile Strength Elongation 
Temperature (psi) in 2 inches 

(OF) U1 t imate Yield (per cent) 

-320 
-112 
-18 
75 
212 
300 
4 0 0  
500 
600 
700 

102,000 92,000 
90,000 79,000 
86,000 75,000 
83,000 73,000 
70,000 65,000 
31,000 27,000 
16,000 13,000 
11,000 9,000 
8,000 6,500 
6,000 4,500 

9 
11 
11 
11 
14 
30 
55 
65 
70 
70 

Additional data for tensile properties 09 alloy 7075-T6 at 
various temperatures are presented in the following graphs (ref. 
16). 
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APPENDIX A - MATERIAL DATA SREETS (CON'T.) 
(Data Sheet No. 4 1 Tubing, Aluminum Alloy 7075-T6 (con't.) - 

o 2 4 6 a IO 12 14 16 la 20 22 
Strciin.  0.001 :n.  per in. 
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APPENDIX A - MATERIAL DATA SHEETS (CON'T.) 
(Data Sheet No. - 4 ) Tubing, Aluminum Alloy 7075-T6 

are tabulated below for alloy 7075 (ref. 16). 

(con't.) 

Values for thermal expansion over the range -76OF to +572OF 

Rancre. OF 

-76 to +68 
68 to 212 
68 to 392 
68 to 572 

Range, OC 

-60 to +20 
20 to 100 
20 to 200 
20 to 300 

Micro-in./in. /"C 

21.8 
23.2 
24.3 
25.9 

Fabrication ratings for alloy 7075-T6 are listed below (ref. 
15). 

Resistance to corrosion 
Workability, cold 
L - - L L L c I A - * * u u - * A  -y 
Brazeability 
M 3 t - h ;  n a h i  1 i t 

Weldabili ty 
Gas 

Resistance, spot and seam 

Fair 
Poor 
C,lc?c?d 
No commonly used method 
so far developed. 

No commonly used method 
so far developed. 

No commonly used method 
so far developed. 
Special techniques 

Environmental Characteristics. Alloys used in the high 
vacuum of space are subject to loss of their volatile alloying 
constituents. Tabulated below are the nominal constituents of 
alloy 7075 and temperatures for selected sublimation rates. It 
should be noted that even at temperatures elevated sufficiently 
to permit creep under load, the maximum loss rate from the alloy 
will be less than from the pure volatile metal in proportion to 
the composition of the alloy. 
in alloy 7075 will not exceed about 2 per cent of the rate for 
pure zinc (ref. 11). 

For example, the loss rate of zinc 
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(1000 A/yr) 
OC OF 

630 1160 
110 230 

1380 750 
70 160 
550 1020 

APPENDIX A - MATERIAL DATA SHEETS (CON'T.) 
(Data Sheet NO. - 4 1 Tubing, Aluminum A l l o y  7075-T6 (con't.) 

(0.0004 in/yr) (0.040 in/yr) 
OC OF oc OF 

1650 760 1400 900 
170 340 240 470 
870 1600 1000 1840 
130 260 180 350 
680 1260 810 1490 

Element 

cu 

Cr 
Zn 
AL 

Mg 

Melting Point: 

OC OF 

1080 1980 
650 1200 

, 1880 3410 
420 790 
660 1220 

Erosion by meteoroids is significant only close to earth. 
Much more frequent than penetration is spalling of fragments 
from the insides of walls struck bv meteoroids. The following 
two diagrams illustrate the frequencies of 
vicinity of the earth's orbit (ref. 11). 

FREQUENCY OF PERFORATION, log fC2y> 

these effects in the 

FREQUENCY OF PERFORATION, log G2yr4 
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APPENDIX A - MATERIAL DATA SHEETS (CON'T.) 
( D a t a  Sheet N o .  - 4 ) Tubing, Aluminum Alloy 7075-T6 ( c o n ' t - )  

-2 -I 
FREQUENCY OF SPALLING. log ft  p 

FREQUENCY OF SPALLING, log ni2yr-' 

Metals p r e s e n t  no r a d i a t i o n  damage problems except  a t  ex t r e -  
mely h igh  doses of t h e  o rde r  of 1 x 1019n/cm2 o r  g r e a t e r  such as 
those  which might be obtained f r o m  r e a c t o r  f luxes  ( r e f .  1). 
Typical  e f f e c t s  of neutron i r r a d i a t i o n  on mechanical p r o p e r t i e s  
a r e  shown below f o r  a l l o y  2024.  
ab le .  Values shown are f o r  a temperature of 120°F and an exposure 
of 9 8 4  x 101%/cm2 (ref.  1 7 ) .  

Data f o r  a l l o y  7075 a r e  n o t  a v a i l -  

T e n s i l e  s t r e n g t h ,  p s i  
Yield s t r e n g t h ,  p s i  
Elongat ion,  p e r  c e n t  

Control 

7 1 , 6 0 0  
4 5 , 3 0 0  

26  

I r r a d i a t e d  

84 ,900  
6 6 , 2 0 0  

2 4  
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APPENDIX A - MATERIAL DATA SHEETS (CON'T.) 

( D a t a  Shee t  No. - 5 ) S t a i n l e s s  Steel, Alloy 304 

General Information, - S t a i n l e s s  s teel  has  been widely used 
i n  space a p p l i c a t i o n s  where s t r eng th  and temperature requirements 
are high. Th i s  material  is  considered f o r  use as diagonal  mem- 
bers f o r  t h e  l a t t i c e  compression column ( m a s t )  i n  t w o  forms: 

(1) As r o l l e d  t a p e  

( 2 )  I n  f i b r o u s  form i n  composite with o t h e r  ma te r i a l s .  

P r o p e r t i e s ,  - Nominal phys ica l  and mechanical p r o p e r t i e s  
f o r  type  304 s t a i n l e s s  s teel  a re  t abu la t ed  below (ref.  16 )  . 

T e n s i l e  S t rength ,  annealed, p s i  85,000 
Yie ld  S t rength ,  0.2%, annealed, ps i  35,000 

Reduction of  area, annealed, pe rcen t  65 
H a r d n e s s ,  Rockwell B80 
Hardness, B r i n e l l  150 
Modulus of e l a s t i c i t y  i n  tension,  p s i  
Modulus of e l a s t i c i t y  i n  to r s ion ,  p s i  

0.29 S p e c i f i c  Weight, l b / i n .  
S p e c i f i c  Electr ical  Resis tance a t  R.T., microhm-cm 7 2  
Thermal Conduct ivi ty ,  Btu/hr/f t2 /f t / O F . ,  

E longat ion i n  2 in. ,  annealed, percent  55 

28 x lo6  
12.5 x lo6  

Density,  S/cm3 7.9 
3 

212OF. 9.4 
392OF. 10.3 

11.0 572OF. 
752OF. 11.8 
932OF. 12.5 

Mean c o e f f i c i e n t  of thermal expansion, per OF., 

32OF. to  212OF. 
32OF. t o  572OF. 
32OF. t o  932OF. 
32OF. t o  1112OF. 
32OF. t o  1832OF. 

Melt ing range, OF. 

9.6 x l o w 6  
9.9 x 

10.2 x 
10.4 x 
1 1 . 2  x 
2550 t o  2650 
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APPENDIX A - MATERIAL DATA SHEETS (CON'T.) 
( D a t a  Shee t  N o .  5 ) S t a i n l e s s  Steel, A l l o y  304 (Con't .)  - 

S t a i n l e s s  steel f i l amen t s  and yarns  of 90 to  300 f i l a m e n t s  
manufactured by Brunswick Corporation a r e  i d e n t i f i e d  a s  Brunsmet 
MF-Al. Approximate a n a l y s i s  is  304 type a u s t e n i t i c  s t a i n l e s s  
steel. Filament diameters  range from 4 t o  50 microns. Typical  
mechanical p r o p e r t i e s  f o r  s i n g l e  f i l amen t s  a r e  tabula ted  b e l o w  
(ref. 29).  

Annealed Hard 

Filament diameter,  nominal, microns 1 2  1 2  
C o e f f i c i e n t  of  diameter va r i a t ion ,  pe rcen t  4 4 

Yield s t r e n g t h ,  p s i  50x10~ 220x10~ 
ultimate tensile s t r e n g t h ,  psi i l O X 1 0 "  275x10" 

Density,  g/cm3 7.9 7.9 

Modulus of e l a s t i c i t y ,  p s i  29x106 29x106 

Elongation i n  2 inches,  pe rcen t  11 1.5  

f 

i 
f 
i 
i 
i 

f 
i 
i 
$ 

E 
t 
i 
5 
I 
1 
i 

e 
$ t 

P r o p e r t i e s  d a t a  for  hard temper 300 f i lament  yarn of va r ious  
t w i s t s  are t a b u l a t e d  below. Indiv idua l  f i laments  are 15  microns 
i n  diameter and yarn diameter i s  approximately 11 m i l s  (ref. 29).  

... 

T w i s t  A v g .  load Coeff. of Avg. Elongation Avg. U.T.S. 
( tu rns / in . )  t o  f r a c t u r e  va r i a t ion  of ( 6  i n g a g e  length)  ( p s i )  

(Ibs 1 f r a c t u r e  load (percent)  
(percent)  

2 
3 
4 
5 

21.2 
22.1 
23.2 
23.0 

2.6 
2.1 
2.5 
4.9 

1.6 
1.7 
1.8 
1.9 

Brunsmet MF-A1 yarn w a s  exposed t o  high temperatures i n  a i r  
f o r  1 0  minutes a t  each t es t  temperature.  The e f f e c t s  on t e n s i l e  
p r o p e r t i e s  of 270 f i l amen t  yarn with a s e t  twist of  10  t u r n s  pe r  
i n .  are t abu la t ed  below ( r e f .  29 ) .  
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APPENDIX 
(Data Sheet  N o ,  - 5 ) 

Temperature 
(OF.) 

70 
1000 
1500 
1800 
2000 
2200 

A - MATERIAL DATA ,SHEX'S (CON'T.) 
S t a i n l e s s  S t e e l ,  Alloy 304 (Con't .)  

Aug,  U.T.S .  
(psi) 

Avg, Elongation 
(percent)  

2 8 3 ~ 1 0 ~  1.8 
256~10~ 11.6 
58x103 4.6 

2 1 . 1 ~ 1 0 ~  2.4 
11. 9x103 1.5 

28.5~10~ 3.7 

Values f o r  e lectr ical  and thermal p rope r t i e s  f o r  Brunsmet 
MF-A1 are given b e l o w  (ref. 10). 
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APPENDIX A - MATERIAL DATA SHEETS (CON'T.) 
(Data Shee t  No. - 6 ) Aluminized Organic Films 

General Information. - Aluminized organic  f i l m s  may be 
c l a s s i f i e d  a s  follows: 

(1) Laminates of aluminum f o i l  and organic  s u b s t r a t e s  

(2) Composites formed by vacuum depos i t ion  of aluminum on 
o rgan ic  f i l m  s u b s t r a t e s  

( 3 )  Aluminum loaded p a i n t s  f o r  app l i ca t ion  t o  organic  f i l m  
subs t r a t ed .  

Aluminum s u r f a c e s  may be modified by anodizing o r  o t h e r  t rea tment  
designed t o  produce a /E r a t i o s  selected f o r  thermal con t ro l .  

Cons idera t ion  s h o d d  be giver1 Lo surface txeatments o r  coa t ings  
which w i l l  reduce u l t r a h i g h  vacuum adhesion (co ld  welding of 
metal  s u r f a c e s  i n  mutual contac t )  s i n c e  aluminized f i l m s  a r e  
candida tes  f o r  use i n  t h e  rad io te lescope  as r e f l e c t o r  t apes  and 
rim m a s s .  

S 

P r o p e r t i e s .  - Typica l  laminated composites a r e  manufactured 
by Sch je ldah l  Corporation. GT-755 is  a stock product  composed o f  
2 - m i l  Mylar* Type A and 1 - m i l  almninum f o i l  ( a l l o y  1145-0) bonded 
toge the r  w i th  a thermose t t ing  po lyes t e r  ai3hesive ( r e f .  21)  . 
X-850 i s  a laminate  composed of 0.25-mil Type S aluminized Mylar* 
0.6 oz./yd." Dacron* s c r i m  ( 1 2  by 2 l eno  weave) and 0.50-mil 
Type S aluminized Mylar*, bonded toge ther  w i th  a thermoplas t ic  
p o l y e s t e r  adhesive.  I n  t h i s  cons t ruc t ion  the aluminized s u r f a c e s  
are exposed both  s ides  and t h e  s c r i m  produces a t e x t u r e d  su r face  
( r e f .  2 2 ) .  P r o p e r t i e s  d a t a  a r e  t abu la t ed  b e l o w  ( r e f .  21, 22 )  : 

GT-755 X-850 

T e n s i l e  S t rength ,  l b s / in .  of width, 
Machine d i r e c t i o n  
T r  ansver s e d i r e c t  ion 

Elongat ion,  pe rcen t ,  machine and 
t r a n s v e r s e  d i r e c t i o n  
Weight, oz./yd," 
Hook t e a r  s t r e n g t h ,  lb. max. 

* DuPont Regis te red  Trademark 

45 58 
45 45 

1 0  20 
4.7 1.65 
- 110 
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APPENDIX A - MATERIAL DATA SHEETS (CON'T.)  
( D a t a  Sheet  N o ,  - 6 ) Aluminized Organic Films (Con't .)  

(Con ' t. ) GT-7 5 5 X-850 

Thickness,  m i l s  
Se rv ice  Temperature, OC. 

4 7 
-60 t o  +110 -100 t o  +135 

Samples Of aluminized Kapton* f i l m  have been received by 
A s t r o  Research Corp, These composites w e r e  produced by Nat ional  
Research Corp. us ing  vacuum deposi t ion techniques.  Although t h e  
m a t e r i a l s  have n o t  y e t  been t e s t ed ,  they demonstrate t h e  f e a s i -  
b i l i t y  of t h i s  process .  Nominal thickness  d a t a  f o r  t h e  two 
samples are: 

Sample 1 Sample 2 

S ides  aiuminized i 
Kapton* f i l m  th ickness ,  m i l s  0.50 
Aluminum th ickness ,  m i l s  

. S i d e  A 0.25 
Side  .B none 

Total  composite t h i ckness ,  m i l s  0.75 

2 
1.0 

0.25 
0.25 
2.0 

The r a t i o s  of s o l a r  absorptance (a ) t o  emit tance ( E )  a r e  
S 

l i s t e d  below f o r  s e v e r a l  r ep resen ta t ive  aluminized materials . 
Polished aluminum as  used on Alouette:  a /C: = 2.5 ( r e f ,  2 )  

S 

Anodized aluminum as  used on Alouette: as/€ = 0.95 (ref,  2) 

Alodine 401-45, an amorphous compound c o n s i s t i n g  mainly 
of chromium and aluminum phosphates of  t h i ckness  0.2 mil 
was used on Echo I1 ( r e f .  2). 

MTL-3, an adapta t ion  of  Alodine 401-45 was used on 
Pegasus: a /E ~1.0 ( r e f .  2 )  

P l a i n  aluminum f o i l ,  MIL-A-148C without  s u b s t r a t e :  
a /E  = 3.0 ( r e f .  23).  

Aluminum f o i l ,  rubber based adhesive backed ( fasson  
f o i l )  wit'n any subs t ra te :  a / 8  = 3.0 

S 

S 

S - 
QU Pont  Kegis tered Trademark 

G 7  
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APPENDIX A - MATERIAL DATA SHEETS (CON'T.)  
( D a t a  Shee t  No.  6 ) Aluminized  Organic Films (Con ' t . )  - 

Aluminum f o i l ,  s i l icone-based adhesive 
(Mystik 7402) wi th  any substrate: a /E S 

backed 
= 3.0 (ref.  

(8) Reynolds Wrap f o i l ,  smooth: d x l l  s i d e  a /E = 50°, 
sh iny  s i d e  a /E = 6 . 3  (ref. 23) .  S 

S 
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APPENDIX A - MATERIAL DATA SHEETS (CON'T.) 

(Data Sheet N o . 7 )  Fiber,. Composite, A l u m i n u m  Coated Fused Quartz  

General Information. - Continuous f ibers  of fused quartz, 
o r  s i l i c a  (S i0  ) 8  have been coated w i t h  aluminum by Rolls Royce 

Research Laboratory of Derby, England. The process i s  proprietary 
but  has been studied by Hughes Aircraf t  Co. 
ments have been made for  licensing the process and for  use of 
ex is t ing  manufacturing equipment. 

2 

Preliminary arrange- 

The composite fi l lers are proposed for use in fabricated tape 
form as antenna mesh ( re f .  13) .  

Properties.  - Some properties of the aluminum coated s i l i c a  
f ibe r s  are tabulated below (ref.  13)  : 

D i a m e t e r  of s i l i c a  

T h i c k n e s s  of coa t ing  

Coef f i c i en t  of t h e r m a l  expans ion 

T e n s i l r  s i r e n g t h  i n  air  
( a l u m i n u m  coa t )  

S ta t ic  f a t igue  s t r e n g t h  i n  air  
( a l u m i n u m  c o a t  exposed  1 to 2 
m o n t h s )  

T e n s i l e  s t r e n g t h  after 1 to 2 
m o n t h s  i m m e r s i o n  in  w a t e r  
( a l u m i n u m  coa t )  

Dens i ty  

50 m i c r o n s  standard (25  tQ 100 
microns avai lab le)  \ 

0 .4  t i m e s  r a d i u s ,  giving equa l  area 
of metal 

0.5 x 1 0 - ~ p e r  OF 

620, 000  lidin' (on f i b e r )  
320, 000 lb/in2 ( o v e r a l l )  

200,  000 lb/in2 (on f i b e r )  
100, 000 lb/in2 ( o v e r a l l )  

F a l l s  by 40 p e r c e n t  

O v e r a l l  2 .45  g m / c c  ( a luminum c o a t )  

NOTE: F i b e r s  exposed  to m o i s t u r e  r e g a i n  the i r  s t r e n g t h  after d ry ing .  
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APPENDIX A - MATERIAL DATA SHEETS (CON'T.) 

(Data Sheet N o .  - 8 ) Tubing, Composite, Kapton*/Boron/Epoxy Resin 

General Information. - An experimental  q u a n t i t y  of composite 
tub ing  has  been f a b r i c a t e d  and t e s t e d  by Astm Research Corporation. 

The components are: 

(1) Rapton* Type H Film - E. I. DuPont de Nemours. 

( 2 )  Elemental boron vacuum deposi ted on one s i d e  of t h e  f i l m  
- National Research Corporation. 

( 3 )  Epoxy laminating r e s i n  system used t o  bond t h e  formed 
tube : 

(a) Epon 815 - S h e l l  Chemical Corporation. 

(b) Versamid 125 - General M i l l s -  

The composite tubing i s  proposed f o r  use a s - l o n g e r o n s  and 
o t h e r  s t r u c t u r a l  elements of  the  deployable m a s t .  

This  material is n o t  p re sen t ly  available as a stock i t e m  due 
t o  i t s  experimental  s t a t u s .  

P rope r t i e s .  - P r i n c i p a l  advantages of t h e  composite tub ing  
are t h a t  it possesses a high modulus of e l a s t i c i t y  and l o w  dens i ty .  
Ca lcu la t ions  have shown t h a t  i t s  t h e o r e t i c a l  modulus t o d e n s i t y  
r a t io  should be about t w i c e  t h a t  of aluminum tubing i n  a s i m i l a r  
s i z e .  
equal  t o  those f o r  aluminum tubing and it appears h ighly  probable 
t h a t  va lues  approaching t h e  t h e o r e t i c a l  can be a t t a i n e d  with 
appropr i a t e  modif icat ions i n  design and f a b r i c a t i o n  technique. 

T e s t s  on labora tory  prepared samples have y ie lded  r a t i o s  

D a t a  given below are t y p i c a l  of t h e  r e s u l t s  obtained on lab-  
o r a t o r y  prepared specimens ( r e f .  12). 

Kapton* f i l m  th ickness  0.00055 inches 
Deposited boron th ickness  0.00025 inches 
Epoxy r e s i n  th ickness ,  approximate 0.0006 inches 
Tubing wal l  th ickness ,  approximate 0.0014 inches 

Tubing mean diameter 0.516 inches 
Tubing s p e c i f i c  weight 0.047 lb/ in .  
Tubing modulus of e l a s t i c i t y  5.8 x p s i  2 1 0 %  

(5 f i l m  l aye r s )  

(measured i n  bending) 

*DuPont Registered Trademark 
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APPENDIX A - . MATERIAL DATA SHEET'S (CON 'TI ) 

( D a t a  Shee t  N o . 9 )  Rod, Fibrous Glass  Reinforced Epoxy Resin,  
Aeros t r  and Monos tr and* 

General Information. - Aerostrand Monostrand is  manufactured 
by Owens Corning F i b e r g l a s  Corp., Toledo, O h i o .  

provided t h i s  material can be manufactured i n  tape form. 
Proposed a p p l i c a t i o n s  are m a s t  diagonals and t ens ion  . tapes  

Proposed a p p l i c a t i o n s  are:  

(1) Longerons and o t h e r  s t r u c t u r a l  elements of t h e  deployable 
m a s t .  

Data given h e r e  are f o r  composite rod, c i r c u l a r  i n  c r o s s  
s e c t i o n ,  which c o n s i s t s  of  an epoxy r e s i n  m a t r i x  heav i ly  r e in -  

h e l i c a l  p a t t e r n  along t h e  axis of t h e  rod. Rod wi th  longi tudin-  
a l l y  o r i e n t e d  reinforcement  has a l s o  been produced and t h i s  con- 
f i g u r a t i o n ,  t o g e t h e r  w i t h  o the r  cons t ruc t ion  v a r i a t i o n s ,  w i l l  
probably be a v a i l a b l e  i n  t h e  near fu tu re .  

f o r c e d  ..:tL. wILII L I u I ~ u ~  F : L -  S-cjlass. The reinforcement is l a i d  i n  a 

T h i s  m a t e r i a l  i s  p resen t ly  i n  t h e  development s t a g e  and cost 
d a t a  given h e r e  are n o t  v a l i d  f o r  volume production. A t y p i c a l  
c u r r e n t  quo ta t ion  is  a s  follows (ref.  8 ) :  

Volume: Min. Break Strength:  D i a m e t e r :  L o t  Price: A v a i l a b i l i t y :  

2000 f t  440 l b  0.045 in.  $ 120 Immediate 

2000 f t  1200 l b  0.075 in.  $ 200 Immediate 

2000 f t  1700 lb 0.090 i n .  $ 500 30 days 

2000 f t  3000 l b  0.120 in .  $1000 60 days 

Properties. - Phys ica l  and mechanical p r o p e r t i e s  t y p i c a l  
for  440 l b  minimum break load m a t e r i a l  are t abu la t ed  below 
(ref.  9) :  

* Owens Corning Trademark 
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APPENDIX A - MATERIAL DATA SHEFfS (CON'T.) 
( D a t a  Shee t  N o .  9 ) Rod, Fibrous Glass  Reinforced Epoxy Resin,  

Aerostrand Monostrand* (Con ' to) 
- 

Minimum Breaking Load 490 l b  Q -6S°FI ,  100% R-H. 
440 l b  Q 7 2 0 F I ,  50% R.H, 
420 l b  @ 72OF., 100% R-H, 
420 l b  @ 150°F . ,  5% R.H, 

T e n s i l e  Modulus 7 . O X 1 O 6  p s i  @ ? 2 O F . ,  50% R.H, 

Elongat ion a t  Break 5% Q 72OF., 50% R,H, 

D i a m e t e r  0,045 in .  f 0.003 in .  

Minimum Bend Radius 3/8 i n ,  

S p e c i f i c  Gravi ty  1.93 f 0.17 

Weight p e r  Thousand F e e t  1-21 lb  f 0.14 lb 

The manufacturer has  devised systems for s p l i c i n g  and for  
t h e  attachment of te rmina t ions  using standard p a r t s ,  440 l b  rod 
terminated wi th  Fork End C a b l e  Terminal MS 2066-7-6, modified 
(available from American Chain and C a b l e  and Bergen W i r e  Rope) 
has  a t e n s i l e  e f f i c i e n c y  of  100%. The r o d  s p l i c e d  wi th  American 
Chain and Cable S p l i c e  Package RAA-7066 has a t e n s i l e  e f f i c i e n c y  
of 95% ( r e f .  9 ) .  

The r e s u l t s  of stress moisture tests on Aerostrand Monostrand 
a r e  depic ted  g raph ica l ly  below ( r e f .  9)  . 

* Owens Corning Tradeinark 
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APPENDIX A - MATERIAL DATA SHEETS (CON'T,) 
( D a t a  Shee t  No.  9 ) Rod, Fibrous Glass  Reinforced Epoxy Resin,  - 

Aerostrand Monostrand* (Con It, )  

v 

STATIC TENSILE FATIGUE (STRESS RUPTURE) 

AEROSTWND - MONOSTRAND 
-- 

______-  MINIMUM BREAKING WAD - 440 LBS 

i . - 

________ 
t 

-- --. 

90-/e PROBABILITY 

OUTDOOR 

50 

SAYPCES TESTED - I EACH LOAD 
A A M B I E N T  ROOM CONDITIONS 

AMERICAN CHAIN I CABLE SPLICE 

1.0 !a 100 1000 io000 0. I 

TIME TO FAILURE, HOURS 

~ ~-~ 

The c o e f f i c i e n t  of thermal expansion has  been e s t ima ted  
as "markedly l o w e r "  t han  5 t o  15 X - l O - "  in./in./OF. 

* Owens Corning Trademark 
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APPENDIX A - MATERIAL DATA SHEETS (CON'T.) 

(Data Sheet  No .  10) Magnesium Alloy M1A 

General Information. - Magnesium a l loys  a r e  a v a i l a b l e  as 
extruded tub ing  i n  s e v e r a l  grades. Alloy #1A is r e p r e s e n t a t i v e  
i n  i ts  p r o p e r t i e s  and is an attractive candidate for use as longer- 
ons and o t h e r  s t r u c t u r a l  e l e m e n t s  of t h e  m a s t  s i n c e  it is l i g h t  
i n  weight,  possesses  d e s i r a b l e  mechanical properties, is  r e l a t i v e -  
l y  co r ros ion  r e s i s t a n t ,  and l e n d s  i t s e l f  w e l l  to welding and o t h e r  
convent ional  f a b r i c a t i o n  techniques (ref . 16). 

Prope r t i e s .  - Typical  phys ica l  p r o p e r t i e s  of  Alloy M1A a r e  
t abu la t ed  below ( r e f  . 16)  : 

S p e c i f i c  g r a v i t y ,  g/cm3 
S p e c i f i c  weight,  l b s / in3  
Melt ing temperature,  OF 

E l e c t r i c a l  conduct iv i ty  a t  2 0 " ~  (6GQpj, 

Elec t r ica l  r e s i s t i v i t y  a t  2OoC (68OF), 

Thermal conduc t iv i ty  a t  212OF to  572OF, 

Thermal expansion a t  68OF t o  212OF, 

p e r c e n t  of IACS 

m i c r o h m - c m  

c a l / c m / c m *  /OC/sec. 

micro-in/in/"C 

1.76 
0.064 

1200 

34.5 

5 

0.33 

26 

Mechanical p r o p e r t i e s  of  Alloy M1A i n  tub ing  form are a s  
fo l lows  (ref.  16 ) :  

Modulus of e l a s t i c i t y ,  p s i  
Modulus of r i g i d i t y ,  p s i  
P o i s s o n ' s  ra t io ,  
T e n s i l e  s t r e n g t h ,  0.2% o f f s e t ,  p s i  
T e n s i l e  y i e l d  s t r eng th ,  p s i  
Elongat ion,  pe rcen t  
B r i n e l l  hardness ,  500 kg load, 10 mm bal l ,  
R o c k w e l l  E hardness,  
Compressive y i e l d  s t rength ,  p s i  

6.5 X lo6  
2.4 X l o6  

0.35 
35 x i o3  
21 x io3  

9 
42 
4 1  

. 9  x i o3  
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APPENDIX A - MATERIAL DATA SHEGTS (CON'T.) 
( D a t a  Sheet N o .  10) Magnesium Alloy M1A (Con't.) 

Typical t e n s i l e  properties of Alloy MlA extrusions a t  
elevated temperatures a re  as follows (ref .  16): 

T e s t  Temperature Tensile Strength Y i e l d  Strength Elongation 
(OF) (ps i )  (Ps i )  (percent) 

70 
200 
250 
300 
400 
600 

37 , 000 
27,000 
24,000 

17 , 000 
21,000 

9,000 

26,000 
21,000 
19,000 
16,000 
12,000 
5,000 

11 
16 
18 
21 
27 
53 

The chemical composition of A l l o y  M l A  is tabulated below 
(ref .  16):  

Consti tuent 

Manganese 
C a l c i u m  
Total  other  
Magnesium 

Nominal Compos it ion 
Composition Limits 

(percent) (percent) 

1.2 1.2 min. 
0.09 0.04 t o  0.14 
- 0.41 max. 

remainder remainder 

Weldability ra t ings  for  Alloy MIA are l i s t e d  below ( re f .  16):  

Welding Method 

H e l i u m  or  argon arc 
Oxyacetylene 
Resistance 

Rating 

excellent, preferred 
i n  general use 
i n  general use 
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